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FOREWORD

This work was conducted as part of a continuing effort to support
electromagnetic pulse (EMP) systems analyses with information on
component susceptibility to damage from electrical transients. The main
objective of that effort is to clarify the relationships that must exist
between aspects of the transient waveform and aspects of the device
design for damage to result. The present work is not of this kind but
was undertaken in recognition that there are other, rather practical
limitations to our knowledge of component failure levels that need to be
identified and dealt with. Preliminary results of this study were
presented at the Defense Nuclear Agency System Hardening Seminar, Naval
Ocean Systems Command, San Diego, CA, in BAugust 1979, The inquiries
received since then from the EMP community about further results
indicated the interest that exists in the kind of information provided

here.

The author gratefully acknowledges the contributions that Asa
Williams of the Harry Diamond Laboratories made to this work by
procuring devices, measuring device characteristics, and damage testing
the emitter-to-base junctions of the devices.
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1+ INTRODUCTION

Assessments of electromagnetic pulse (EMP) effects on electronic
systems are a continuing challenge to systems analysts. The immediate
results of such an assessment or analysis is a statement about the
vulnerability or its opposite, the survivability, of a system in a
specified EMP environment, and a certain accuracy and confidence level
will be attributed to this statement. The EMP effects analyses of
systems aim at an accuracy and a confidence level of survivability
statements that minimize the possibility of a system's being hardened
(at considerable cost if retrofitting is required) that is inherently
hard or of a system's being fielded that does, in fact, not survive in
the EMP environment. The achievable accuracy and confidence level of a
survivability statement is limited by the uncertainties and the errors
associated with the many factors that enter the analysis. Some of these
uncertainties are simply measurement errors, like those occurring in
experimental coupling studies, and can be quite small; others are
considerably and undesirably larger. To identify all those limitations
on the accuracy of a complete system analysis and, where possible, to
reduce them to acceptable levels are of continuing concern, The present
report deals with the identification of a major uncertainty in an EMP
system analysis.

A system is vulnerable in an EMP environment when failure of system
components 1is possible from the electrical transients occurring in the
system during exposure. Information on the susceptibility to damage of
components from EMP-induced transients is therefore Zndispensable to a
system vulnerability analysis. Semiconductor devices are among the
components most susceptible to damage from electrical transients, and
their conditions for failure have been the subject of research for many
years. Basically, the problem is that of being able to say what kinds
of voltage transients (characterized by amplitude, aspects of waveform,
and duration) are necessary and sufficient to cause damage in a device
specimen that is available for detailed study (such as measurement of
its electrical and other physical characteristics or of its responses to
a standard type of transient). This ability to predict the failure
thresholds of an individual device specimen is the basic test of one's
understanding of the failure mechanisms and the way that they depend on
the properties of a device. The state of this knowledge is less than
satisf?ctory. {For a brief discussion of remaining problems, see
Kalab.!)

The total production of an electronic system usually consists of
many identical units that are assumed to be equipped, in each stage,

! Bruno M. Kalab, Damage Characterization of Semiconductor Devices for
the AN/TRC-145 EMP Study, Harry Diamond Laboratories, HDL-TR-1915
( December 1980).
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: with devices randomly drawn from production runs. Therefore, for
! applications to systems analyses, the information on the failure
. thresholds of a single device specimen must be broadened to include the
s distribution of the failure levels in large samples of devices of the
o given type. This distribution can be estimated, by using methods of
- statistics, on the basis of the conditions for device failure as
! determined on a small sample.

Two major uncertainties exist in present methods of providing the
systems analyst with information on semiconductor device vulnera-
‘ bilities. One uncertainty has been alluded to previously: efforts to
understand the failure mechanisms in a specimen such that its response
{failure or nonfailure) to an arbitrary electrical transient could be
predicted have so far met with only modest success. The present method
of predicting failure, widely used in the EMP community, is based on the
so-called thermal failure model.? This model asserts that the junction
area or, indirectly, the junction capacitance and the breakdown voltage
uniquely determine the condition for failure of a junction from any kind
of short-duration electrical transient. (A certain failure temperature
also plays a role in this model. However, this temperature is the same
in all silicon devices or all germanium devices and is therefore not
essentially device dependent.) The analysis of this model then shows
) that the condition for\Yailure of a given device is the reaching of a
- critical value of pulse power that depends only on pulse duration. For
" increased accuracy of failure prediction, vrather than measuring the
junction area or the junction capacitance, the pulse power for failure
of a device can be determined in destructive testing (step stressing) by
using a standard pulse waveform, usually a square pulse of a width of a
few microseconds. A single value of power for failure from a forward
biasing pulse and one from a reverse biasing pulse (obtained as a mean
value from step stressing a sample of devices) allow one, according to
the model, to predict junction failure from an arbitrary electrical
transient, particularly in the time regime of interest to EMP studies.
Since the introduction of this model in 1969, it has been recognized
that many types of ijunctions do not respond as predicted by this
model, 3 On this account, the systems analyst is often faced with a

) ‘6|"- _..'- ;
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considerable degree of uncertainty about the conditions for system
component failure, which is then reflected in the accuracy and the
confidence level of a vulnerability statement. .
. N
2p, C. Wunsch and R. R. Bell, Determination of Threshold Failure -
Levels of Semiconductor Diodes and Transistors Due to Pulse Voltages, ) :
IEEE Trans. Nucl. Sci., NS-15 (December 1968), 244-259.
3pNA EMP (Electromagnetic Pulse) Handbook, Defense Nuclear Agency,
DNA 2114H-2 (September 1975). )
o
8
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m The second major uncertainty about the failure thresholds of system
. components results from an often insufficient component identification.
o) When fielded systems are to be analyzed, the system manuals provide the
. only information on a system and its parts. In these manuals, most
» electronic network components are identified only by their type (such as
a 2N1613 transistor); for most purposes, including general repairs and
P replacement of parts, this identification is sufficient. However, for
an EMP system study, a closer identification is desirable. Semi ~
a conductor devices of the same type but manufactured by different manu-
" facturers can have a very different pulse hardness; variations by about
S a factor of seven in terms of pulse power for failure at a given pulse
- width (averaged over a sample) have been reported.“ These differences,
: briefly referred to as intervendor variations, can be attributed to
: different designs or manufacturing processes that device manufacturers
o are free to select.

i In view of such variations, the analyst conducting an EMP system
& study should have information on the failure thresholds of exactly the
kind of devices that were used in the system. Unfortunately, the
particular version of a component that was used in a system is in most
) cases untraceable and cannot be made available for the study of failure
& thresholds. The developer of a system may have procured a certain
3 device type from more than one manufacturer, or, over a period of
: several years, a manufacturer may have changed the design of a device
and sold out the original version; in fact, different designs of a
device type, from the same manufacturer and with identical packaging and
date code, were encountered in the present study. Thus, even inspection
of a few units of a system and removal of components for study (an
undesirable procedure in itself) need not lead to information on
comporient failure levels that could be assumed to apply to the total
production of systems. In general, the failure thresholds of a device
type occurring in a system are determined on a sample from any one
manufacturer, with a resulting uncertainty about the failure thresholds
- of the actual system components.

The situation described need not exist if the performance of a
system in an EMP environment is being considered during the design stage
of a system and suitable controls over the components to be used can be
exercised. Where no such controls were in place when the system was
built, it can become essential to at least know the limits within which
the failure levels of a device type can vary due to different designs.
The present study is aimed at detecting the maximum range of average
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5 Yp. M. Tasca, Submicrosecond Pulse Power Failure Mode 1in -]
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The observation of intervendor variations referred to previously was
made in early EMP studies and was followed by a few others during rou-
tine component damage testing for the analysis of specific systems (such
as LANCE®), The variations observed in this later work were smaller,
typically amounting to a factor of two in average pulse power for fail-
ure at a given pulse width. If intervendor variations do not amount to
more than about a factor of seven, the largest variation previously
observed, they may be ignored, considering that the pulse power for
failure of specimens of the same type and design often vary by an order
of magnitude. (Currently, these variations are assumed to be caused by
manufacturing inhomogeneities.) Indeed, intervendor variations of
component failure thresholds were not specifically accounted for in
systems analyses. The manner in which the range of failure thresholds
of individual devices, from any one vendor, is taken into account in
systems analyses (discussed in detail by, for example, Miletta®) was
thought to also account, to an acceptable degree, for possible inter-
vendor variations.

Still, a certain dissatisfaction with the information on intervendor
variations remained. The observation of such variations had been rather
sporadic, also mostly involving only two or three manufacturers of a
device type. A special study of intervendor variations seemed justified
but appeared to be difficult. A systems analyst might wish to be able
to say what the probabilities would be for the failure thresholds in any
particular device type to differ by varying amounts, due to intervendor
variations, from the value determined on a sample of devices from any
one manufacturer. The design of a study that could provide this
information is not believed to be straightforward, and a study of this
kind could not be undertaken with the available resources.

An investigation of intervendor variations of the pulse hardness of
devices will involve the study of samples of devices of at least one
type and from different manufacturers. The problem is that of iden-
tifying the population (device types and manufacturers) from which
samples are to be taken so that the statistical inferences to be drawn
from the results will not be misapplied. Textbooks on statistics alert
the student, more or less explicitly, to the fact that many important
scientific studies using statistical methods in essential phases of the
work were criticized for having generalized the results to populations

SArmy Tactical Materiel Vulnerability and Hardening Program, LANCE
Test Plan, Annex A, General Procedures, Harry Diamond Laboratories, AD
900 465L (April 1972).

6J‘oseph R. Miletta, Component Damage from Electromagnetic Pulse (EMP)
Induced Transients, Harry Diamond Laboratories, HDL-TM-77-22 (November
1977 ). :
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that were larger than or only part of the population that was the j j
subject of the study. A study of the intervendor variations of the ‘® 3
pulse hardness of devices could be particularly open to such criticism, ﬁfﬂ

because different designs of a device type cannot a priori be said to
occur by chance, but nothing is known about the "mechanism" (that is,
the motives of device manufacturers) by which they do occur, A study
that solely consists of arbitrarily selecting a few types of devices,
each from several manufacturers, and determining their failure ’.
thresholds carries the risk of adding nothing to our knowledge of the
frequency of occurrence or the extent of intervendor variations in a
larger population of device types.

-y

L]
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The present study is of this kind, and it was undertaken with this 5
risk in mind. However, it could be hoped that the particular selection Y
of devices for this study would lead to a better recognition of the o
maximum range of average failure thresholds that can occur in a device 4
type due to different designs. As discussed previously, at least a 1
knowledge of this range is needed for an EMP analysis of many systems, ,
especially if their survival in an BMP environment is critically .
important. 7Y {

2. DEVICES AND TEST TECHNIQUES

2.1 Selection and Identification of Devices ‘ e

The present study was spurred by the realization that devices R
of many different types are made each by a large number of manufacturers
(up to 50). It could be expected that some of those sources would only
package chips supplied by a smaller number of manufacturers. But even
so, the greatest variety of different designs of a device type and with
that the greatest differences in average failure thresholds would ..
probably become apparent by studying a few of those types that are N
available from that many sources. A relatively small effort could thus
be expected to yield an interesting result. Therefore, a first
criterion for the selection of a device type for this study was that it
be available from a large number of manufacturers.,

g4

&

It was considered important to this study to know something -4
about the design that each manufacturer chose for a device type and to
obtain this information directly from the procured devices rather than
from the manufacturer. These considerations led to two further criteria
for the selection of devices: they should be planar devices and they
should be packaged in a metal can that could esily be opened, such as PY
TO-5 or TO-18. (These first two criteria singled out transistors; no -
diodes were found to meet them.) 1Inspection of an opened device with a
microscope would then show the size and the surface geometry of the
chip. This information would make it possible to determine the failure

r
Ao ysh
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thresholds only of the devices‘of any one type that are of different
design, thus limiting the testing effort. Furthermore, although this
was not an objective of the present study, this information on the
LI design would later make it possible to look for a connection between the
L measured failure thresholds or other device responses and the size and
E the geometry of the chip. As discussed in the introduction, the ’
O relationship between the failure thresholds of devices and their
: physical and electrical characteristics still is not well established,
and further experimental material that can shed 1light on this
relationship should be useful.

’!l Still other considerations in the selection of device types for
28 this study were that the devices should be low-power devices, as those
S are most often found wvulnerable in systems, and that JAN types as well
as general commercial types should be included; both versions are used
in military electronic equipment. The JAN devices were found to be
offered by only a small number of vendors, from one to about seven.

From these considerations, the devices of tables 1 to 6 were
procured. The abbreviations of the manufacturers' names in the tables
are the same as the code letters of manufacturers used by D.A.T.A.,
Inc., in its Electronic Information Series’ on semiconductor devices and
are explained on page 13, For each device type, the manufacturers are
listed in alphabetical order of the manufacturers' code letters as used )
by D.A.T.A., Inc. T

The 50 devices of a type that were procured from each
manufacturer who offered this type were inspected for possible external '
differences that might indicate different device designs. The only 4
difference found was in the date code of the devices from some of the - 1
manufacturers. From each manufacturer, one device of each date code was
then opened for inspection of its design,

In tables 1 to 6, the designs of the devices from the various
manufacturers are given numbers beginning with 1 for the design of the B
first manufacturer. If the specimen from the second manufacturer in the
Manufacturer column was of different design, the number assigned to its
design is 2; had its design been identical to that of the first
manufacturer, its number would also be 1, etc. The highest number in
the Design column of a table then shows the number of different designs
of the device type as identified in this process. A ‘

7Transistors, 42nd ed., 1, D.A.T.A., Inc., Pine Brook, NJ (1977).
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Code Manufacturer

AMC Ampower Semiconductor Corp., Long Island, NY
AMI American Micro-Systems, Inc., Santa Clara, CA
CEN Central State Industries, Inc., West Babylon, NY
CRI Crimson Semiconductors, Inc., New York, NY
CSR CSR Industries, Inc., East Farmingdale, NY
ESE Elm State Electronics, Inc., Hamden, CT
ETC Electronic Transistors Corp., Flushing , NY
FSC Fairchild Semiconductor, Mountain View, CA
GSE General Semiconductor Industries, Inc., Tempe, AZ
GTC General Transistor Corp., Hawthorne, CA
IDC International Diode Corp., Harrison, NJ
IDI International Devices, Inc., Los Angeles, CA
MOTA Motorola Semiconductor Products, Phoenix, AZ
NJS New Jersey Semiconductor Products Co., Inc., Springfield, NJ
NTR National Transistor Corp., Mountain View, CA
- RCA RCA Corp., Somerville, NJ
- RTN Raytheon Semiconductor, Mountain View, CA
L SCA Semicoa, Costa Mesa, CA
%‘ SES Semitronics Corp., Freeport, NY
SGAI SGS-ATES Componenti Elettronici S.p.A., Milan, Italy
SOD Solitron Devices, Inc., Riviera Beach, FL
- SPE Space Power Electronics, Inc., Glen Gardner, NJ
3 SST Solid State, Inc., Bloomfield, NJ
- STI Semiconductor Technology, Inc., College Point, NY
!' STR Syntar Industries, Inc., Hicksville, NY
SWT Swampscott Electronics Co., Swampscott, MA
i TEC Transitron Electronic Corp., Wakefield, MA
TIC Transistor International Corp., Lake Park, FL
- TII Texas Instruments, Inc., Dallas, TX
1 TRS Transistor Specialtys, Inc., Peabody, MA
b‘ TSC Teledyne Semiconductor, Mountain View, CA
3 UPI UPI Semiconductor, Paterson, NJ
3 uTs Uni-Tran Semiconductor Corp., Lake Ariel, PA
3 WAB Walbern Devices, Inc., Linden, NJ
;.
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TABLE 1. MANUFACTURERS OF 2N1613

TRANSISTOR
b Manu- Date . Selection
:_ facturer code D89N o testing
Lj
b~ AMI 810 1 -
f. CEN 7713 2 S
p-3 CRI 781 3 -
- CSR 127 4 -
. . 215 3 -
- 615 5 -
- ESE 810 ~4 -
' ETC 7809 4 S
FSC 714 6 S
GTC - ~4 -
IDC 644 ~5 -
IDI - 7 S
. JTA 339 8 S
NJS 7809 9 S
NTR - 2 -
RCA 7810 10 S
RTN 7813 5 -
SCA 7810 11 -
SES 7810 ~4 -
SGA 8743 ~4 -
97745 ~4 -
SPE 811 1 -
SST 4528 ~9 -
620B 1 S
STI 78-12 12 S
STR 97745 ~4 -
SWT - 3 S
TEC 7811 13 S
TIC - 14 S
TII 407p 1 )
TRS 7801 3 -
UPL 7809 15 g
7810 15
uTs 7813 ~5 S
WAB 810 16 S
14
- - [ [ J L 4 L 4 - -

TABLE 2. MANUFACTURERS OF 2N4237
TRANSISTOR
Manu- Date Selection
facturer code Design for testing
AMC 7811 1 s
AMI 810 2 ~
CEN 7729 3 -
CRI 7715 3 -
CSR 7705 4 -
ESE 810 S -
ETC 7808 6 S
FSC 822 7 S
GSE 7531 8 S
GTC - 9 -
Inc 809 5 -
IDI 811 9 S
MOTA 826 10 S
NJS 7810 1 s
7814 i1
NTR 625 5 -
SCA 71616 12 S
SES 7810 5 -
SGAI 7328 13 -
SOD 7749 14 s
7622 14
SPE - 13 -
SST 7705 4 s
STI 78-12 15 S
STR 7604 3 S
SWT - 13 -
TIC - 8 -
TRS 7801 13 s
UPI 7640 5 S
uTsS 7813 16 S
WAB 810 2 s B
»-
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TABLE 3. MANUFACTURERS OF JAN2N1613
TRANSISTOR
Manu- Date _ Selection
facturer® code DeSign fo?
testing
Fsc 7618 1 s
MOTA K7714 2 ]
RTN H7730 3 S
TEC P7643 4 s
TII 7749A 5 i S
TSC $7530 6 s

@Manufacturers using the same

design for 2N1613 are underlined.

TABLE 4. MANUFACTURERS OF JAN2N2222
TRANSISTOR
Manu- Date ‘ Sel:ctlon
facturer code Design OF
testing
FSC 7729 1 S
¢ MOTA  K7744 2 s
RTN K7827 3 )
TEC P7725 4 S
TII 7711 5 S
TABLE 5. MANUFACTURERS OF JAN2N2369A
TRANSISTOR
Manu- Date . Selection
facturer code Design foF
testing
]
FSC H7618 1 S
MOTA K7804 2 S
RTN K7746 3 s
TEC 7450 4 S
15
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TABLE 6. MANUFACTURERS OF JAN2N2907

TRANSISTOR
Manu- Date ) Sel:ctlon
facturer code Design or

testing

FSC H7602 1 s

MOTA  K7750 2 s

RTN K7822 3 s

TEC P7709 4 s

TII 7748 5 s

It was found that the designs of a device type from the
different manufacturers can be put into three groups: (1) clearly
different designs with respect to the geometry and the dimensions of the
emitter metallization (which defines also the contour of the emitter-to-
base junction), the base metallization, and the chip; (2) designs that
are identical in the minutest discernible features of the previous
characteristics; (3) designs that exhibit slight differences in these
characteristics, indicating that the devices were made by using
different, albeit very simlar masks. The terms "different"™ and
"identical” used previously for dcvice designs correspond to groups 1
and 2, respectively. A design that was fcund to be very similar but not
identical to a previous one (that is, belonging to group 3) was given,
in the Design column of tables 1 to 6, the number of that previous
design preceded by the symbol "~"; only one design of two or more
similar designs of a device type was tested.

Still other characteristics can properly distinguish a device
design, For instance, identical designs (per the previous definition)
can have a different arrangement of the wire bonding: a single wire
from the emitter metallization to the device terminal versus two or more
such wires bonded to different areas of the emitter. The different
current distributions that these arrangements produce in a device can
conceivably affect their pulse hardness. Such differences in the
terminal arrangements of otherwise identical designs were observed in
the 2N4237 transistor, but their effect on the failure thresholds has
not been investigated here.

JAN versions as well as commercial versions of the 2N1613
transistor were included in this study (tables 1 and 3). The JAN2N1613
was available from all six manufacturers who make this device, and their
designs were all different. From five of these manufacturers, the
commercial version of the 2N1613 alsn was tested in the present effort.

‘16




Identical designs within a device type were not tested;
however, identical designs were tested if they belonged to different
device types. Table 7 shows the occurrence of identical designs among
the device ¢types and manufacturers selected for this study.
Photomicrographs of the designs of the devices damage tested are
provided in appendix A.

TABLE 7. DEVICE TYPES USING IDENTICAL DESIGNS é" a
v
§—f
2N1613 E 2 JAN2N2907
) S S
Transistor Manufacturer .py pgc MorA SST TEC TII UTS RM™ FSC FSC RN
2N1613 NJS o
2N4237 UPI "B )
JAN2N1613 FSC (] .
R ®
e °
TII ®
e )
JAN2N2222 PSC ']
MOTA o
R ® ®

For reasons explained in section 3.2, after damage testing of
all devices and study of the data, the cans of all specimens of the
2N1613 and the 2N4237 were opened for 1inspection of the device
designs. The samples from a few manufacturers were found to contain
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specimens of different designs, although packaging and data code were
identical. These different designs are not reflected in tables 1 and 2,
but are discussed in section 3.2. The identification of different
designs as shown in tables 1 to 6 is based on the inspection of one
specimen of a certain date code from each manufacturer at the beginning
of the study.

2.2 Device Testing

For this study, a relative measure of the pulse hardness of a
transistor junction is taken to be the average power of a nearly
rectangular pulse of a 1-us width that reverse biases the junction and
is necessary and sufficient to cause second breakdown or device
failure. Device failure is defined as a reduction of the direct current
(dc) gain by 50 percent or more of the original value. This pulse power
for second breakdown or failure is determined by step stressing of the
junction with square pulses of a 1-us width.

The process of step stressing to find the failure threshold of
a device has repeatedly been described and discussed. Basically, it
consists of applying single pulses of increasing open-circuit voltage to
the device, recording both the voltage and current waveforms and
measuring the device characteristics after each pulse application. The
pulse power (averaged over pulse width) is derived from the recorded
voltage and current, An aspect of this procedure as applied in the
present study (but not a general requirement) is that the increase in
pulse voltage from one pulse to the next (step size) was kept very
small, typically about 10 percent of the preceding value but often much
less than that. A step size of this magnitude leads in many cases to
the occurrence of second breakdown close to the end of the applied
pulse; this occurrence facilitates the extrapolation of the associated
second breakdown power to that corresponding to a delay time of 1 pus.
Such a normalization of all failure levels to one pulse duration or
delay time is necessary for a comparison of the differences in pulse
power for failure or second breakdown in different device specimens and,
ultimately, in the samples of devices from different manufacturers.

During step stressing of many collector-to-base junctions,
instantaneous second breakdown! occurred, making it difficult to even
only approximately determine from this breakdown event the pulse power
for second breakdown at 1 ps. In such cases, the average power of the

! Bruno M. Kalab, Damage Characterization of Semiconductor Devices for
the AN/TRC-145 EMP Study, Harry Diamond Laboratories, HDL-TR-1915
( December 1980).
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pulse immediately preceding the one that caused instantaneous second
breakdown was taken to be the pulse power corresponding to a second
breakdown delay time of 1 us. In view of the small step size used in
testing, the additional error of this pulse power, caused by this
procedure, is small. The overall error of the pulse power for failure
or second breakdown of a single test specimen, extrapolated to a pulse
width or delay time of 1 us, is estimated to be not larger than 130
percent,

Both the emitter-to-base junction and the collector-to-base
junction of the transistors were step stressed by using samples of 20
specimens for each junction. Before step stressing of a specimen, its
dc gain, the breakdown voltage, and the capacitance at zero bias and at
3 V reverse bias of the junction to be pulsed were measured; they were
measured for possible later comparison of the experimental pulse power
for failure (or second breakdown) with that predicted by a model® using
the junction capacitance and the breakdown voltage as model parameters.

3. RESULTS
3.1 General

The immediate result of the testing phase is a series of
Polaroid photographs showing the voltage and current waveforms of the
pulses applied to each of the 2080 specimens investigated. of
particular interest are the waveforms of the pulse causing device damage
or second breakdown and, in many cases, of the pulse immediately
preceding this event. The main information derived from these waveforms
is the power of a square pulse causing failure or second breakdown of a
junction at 1 ps; the pulse hardness of specimens and samples is
expressed in terms of this power, Besides the power for failure of a
specimen, the device impedance at the failure level also was derived
from these waveforms. This impedance is defined as the quotient of
average pulse voltage over: average pulse current (averaged over the
width of the pulse causing failure or second breakdown). The device
impedance and the so-called surge impedance derived from it play a role
in the device circuit model needed for «circuit failure analysis.
Therefore, the variation of this impedance in samples of devices of a
given type but of different designs also is of interest to EMP systems
analyses, The waveforms of the voltage and the current also show
details of the device responses, such as the particular form or absence

8p. Cc. Wunsch, R. L. Cline, and G. R. Case, Theoretical Estimates of
Failure Levels of Selected Semiconductor Diodes and Transistors,
Braddock, Dunn and McDonald, Inc., contract with Air Force Special
Weapons Center, BDM/A-42~69-~R (December 1969).
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of second breakdown. Such details may become useful to an analysis of
the failure mechanism and device failure modeling but are not of
interest to the present study.

The pulse voltages and currents and derived maqnitudes for
failure of the emitter-to-base junctions are for many samples scattered
fairly closely around a mean value, For those samples (device type and
manufacturer), a normal distribution may be assumed, and the data can be
adequately reduced to a mean value and a standard deviation. However,
in many other samples of emitter-to-base junctions and in most samples
of collector-to-base junctions, although containing specimens of only
one design (sect. 3.2), the voltages, the currents, and the pulse powers
required for failure of the specimens and the associated device
impedances are far from normally distributed. A reduction of the data
on such samples is desirable, but a representation by a mean value and a
standard deviation (which are defined for any set of numbers) might be
misleading. For this reason, the particular formats of section 3.3 and
of appendix A were chosen for all samples.

3.2 Detailed Device Inspection

A first analysis of the experimental device failure powers
showed an often large range, of more than an order of magnitude, within
a sample of devices from one manufacturer. Whenever such a difference
in failure powers is observed in one device type of presumably the same
design, a close comparison of the specimens with the lowest and highest
failure powers is particularly interesting: how can such a difference
be explained? {On the basis of the thermal failure model, one would
have to expect an equally large difference in the junction areas.)

when the difference in failure power between the softest and
hardest specimens in any sample of emitter-to-base junctions of this
study amounted to more than a factor of five, these specimens were
opened and their chips were inspected with a microscope. In this
initial effort, it turned out that of two manufacturers of the 2N1613
and of two other manufacturers of the 2N4237, the specimens of lowest
and highest failure powers were of different designs despite identical
packaging. (However, the smaller failure power did not always
correspond to the smaller chip area.) After this discovery, all
specimens of the samples of emitter-to-base and collector-to-base
junctions of both the 2N1613 and the 2N4237 were opened for inspection
of their designs, and a still greater variety of designs of these device
types used by the manufacturers referred to previously were found.

As mentioned in section 2.1, these designs are not reflected in
tables 1, 2, or 7. However, in section 3.3 and in appendix A, the
occurrence of these designs is taken into account, and data on the
2N1613 and the 2N4237 are reported for samples of one design only. The
JAN types of any one manufacturer investigated in this study are not
believed to contain different designs.
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3.3 Results

For an immediate appreciation of the variations of the powers

for failure in different designs of a device type,

the ranges of the

failure powers of samples of 20 specimens, for both the emitter-to-base

and collector-to-base junctions,

shown over a common logarithmic scale (fig. 1 to 6).

names are abbreviated as explained
the manufacturers'

abbreviations is the chip area,

from the selected manufacturers are

The manufacturers'
in section 2.1, and the number after
in square milli-

meters, as determined in the procedure discussed in section 2.1.

TC, 10 { - e -8
ST, 077} s c8
T, 0.75 | ¥
ETC, 0.75 | e e
TEC, 0.56 { E8
RCA, 053 i
UTS, 0.48 { 8 s
v, 0.40 | —
™ o038 —— %8
cen, 020 o8
MOTA, 026 | i
o, 025 8 s
SWT, 020{ —— 5 ©®
FSC, 0.16 | 8 _ s
1 10 100 1,000 10,000
FAILURE POWER (W)
Figure 1. Range of failure powers (for reverse bias and 1-us pulse

width) of 2N1613 transistors from d
per sample).

ifferent manufacturers {20 specimens
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§ cB
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Figure 2. Range of failure powers (for reverse bias and 1-us pulse
width) of 2N4237 transistors from different manufacturers (20 specimens 1
per sample). i
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Figqure 3. Range of failure powers (for reverse bias and 1-us pulse
width) of JAN2N1613 transistors from different manufacturers (20 spec-
imens per sample).
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As pointed out in the previous section, the samples of several
manufacturers of the 2N1613 and 2N4237 were found to contain specimens
of different designs. The data on the samples from these manufacturers
are excluded from figures 1 and 2 and presented in figures 7 and 8. The
number of specimens of a specific design (with a total of 20 for all
designs) in the samples of emitter-~to-base and collector-to-base
junctions is given in parentheses after the chip area.

SAMPLE SIZE N PARENTHESES
(19) c8
WAB IO (galt o
)
WAB, a«‘&;g TR
S, 1.0 gg{ — FB cs Figure 7. Range of failure
NS 077 (2 €8 powers of 2N1613 from WAB and
’ NJS.
(1) -c8
N33, 024 | — €8
nus.m(,) . .E8
10 100 1000 10000
FAILURE POWER (W)
SAMPLE SIZE N PARENTHESES
(13)
ST 89 (4y)! ¢ E8
6 —
. sm 51 }.;g ce -
Figure 8. Range of failure () -cB
powers of 2N4237 from STI and sn.al (1)’ -E8
uTS.
2), .- C-8
uTS, 95 fag‘ ¢ -E8
1), . ¢
urs, 80 ()} - 8 .E8
17 c8
uTs, 36 &‘;! EB
UTS,22q) . gp
1 10 100 1000 10000
FAILURE POWER (W)
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It was believed desirable also to indicate how the failure
powers are distributed over the respective ranges; the distribution is
in many cases not even approximately normal. This distribution is
indicated in figures 9 to 14 in the most simple form, that is, by
disregarding the error interval of the failure powers of individual
specimens and plotting the nominal values on a linear scale covering
only the range for the particular sample. The data points are
represented by a vertical bar of a certain length per specimen (see
scale on figures).

MANU-  EMITTER-TO- COLLECTOR-TO- MANU-  EMITTER-TO- COLLECTOR-YO-
FAC-  BASE JUNCTION BASE JUNCTION FAC-  BASE JUNCTION BASE JUNCTION
TURER TURER
T JLuL.Lt-l-#—J?L Llw—al—-f—lrt
CEN ALE_ 2Ny g JLJJ__L 100 300 0 200 400
150 250 O 100 200
sw did_wgn o
O YT |
300 , 500 0 10 200 w150 ¢ 0 250
st h||,|.,, , Tec iar e g om L opdids o
w6 o 20 w o 300 500 7000 200 400
S IR N |
o 100 200 500 600 4,000 6,000 12,000

100 200 20 60 100

MOTA ¥ T L) i T ‘-i
50 150 0 100 200
r'l—‘-u——"'l-h'L AL e Lk o
NJS [TENTHTEE TETEN A VS upt

300 500 700 0 2000 4000

RCA
100 300 100 300 500 100 300 0 4 80
o7  r—t—cdblld rL—'J—lL.—l—Jl'—v——H wag 4t oo allyle e g1y
200 400 1000 3000 5000 200 600 4000 8,000 12,000
4 FAILURE POWER (W) FALURE POWER (W)

Scale showing height of bars
representing 1 and 2 specimens.

Figure 9, Distribution of failure powers in 2N1613 from different
manufacturers.,
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Figure 10. Distribution of failure powers in 2N4237 from different ]
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representing 1 and 2 specimens.
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In figures 9 and 10, the distributions of the failure powers of
the 2N1613 and the 2N4237 from the manufacturers that used more than one
degsign for these types are shown only for the designs that occurred in
the greatest number of specimens. (As fig. 7 and 8 show, some of the
designs from these manufacturers occurred in only one or two specimens.)

Finally, for the emitter-to-base and collector-to-base
junctions of the device types of this study, appendix A contains tables
containing the ranges and the mean values of (1) the voltage, current,
power, and impedance that are characteristic of the failure levels of
the device samples for a 1-us reverse Liasing square pulse and (2) the
capacitances and the breakdown voltages of the respective junctions.
Appendix A shows also the photomicrograpts of the chips.

3.4 Discussion of Results

One of the surprising results of this investigation was the
large number of different designs that are being used by manufacturers
for the same device type. The designs not only differ in the pattern,
but also differ considerably in the dimensions; in the 2N4237, the chip
area varied by a factor of 20.

The variations of failure powers of collector-to-base junctions
of individual specimens of a sample, as well as the variations of the
mean value of such powers of samples of one device type from different
manufacturers, also were found to be unexpectedly large. The failure
powers of individual collector-to-base junctions of a single transistor
type can vary by more than four orders of magnitude, which is the range
previously thought to apply to transistors (of low and high powers) of
all types.3 The variations of the failure powers of emitter-to-base
junctions, within a sample and between samples from different
manufacturers, are generally smaller than those for collector-to-base
junctions. Still, failure powers of the emitter-to-base junctions of a
commercial transistor type can vary by two orders of magnitude. It will
be the task of system analysts to consider the possibility of variations
of this magnitude in EMP vulnerability analyses of systems.

From the point of view of device failure modeling, the results
of this study suggest only one correlation between aspects of the device
design and aspects of the threshold signal for failure: the pulse
failure power of emitter-to-base junctions, averaged over a sample,
increases with chip area. However this relationship is not strictly a
proportionality and also does not hold without exceptions; furthermore,
no such correlation exists for the collector-to-base junctions of the

3pNA EMP (Electromagnetic Pulse) Handbook, Defense Nuclear Agency,
DNA 2114H-2 (September 1975).
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devices studied. As a basis for a physical model of failure, if only of
an emitter-to-base junction, this relationship is made even 1less
promising by the fact that the emitter-to-base failure power of
individual specimens of the same type and design can vary greatly; a
variation by a factor of 5 is not uncommon, and in one sample a
variation by a factor of 15 was observed. It is remarkable also that
for many samples the average power for failure or second breakdown of
the collector-to-base junctions is significantly smaller than that for
the emitter-to-base junctionns.

Besides a comparison of the chip areas, no other quantitative
comparison of the different designs of a device type was attempted (so
that aspects of the design could be related to the device failure
power). However, interesting differences in junction failure powers
were observed in two device types, the 2N1613 and the JAN2N1613, both by
TEC, that have the same design: the average failure power of the
collector-to~base junctions of the JAN2N1613 is larger by more than one
order of magnitude than that of the commercial version. To be relevant,
a device failure model must be able to account for such a difference. A
closer investigation of the devices from these two samples is planned.
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APPENDIX A. VARIABILITY OF DEVICE DESIGNS AND DESIGN-DEPENDENT
VARIATIONS OF DEVICE CHARACTERISTICS AND AMPLITUDES OF 1-15 SQUARE
PULSES REQUIRED FOR JUNCTION FAILURE IN SELECTED TRANSISTOR 'fYPES
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APPENDIX A

Tables A-1 to A-6 show, for the emitter-to-base and collector-to-
base junctions of the device types of this study, the ranges and the
mean values of (1) voltage, current, power, and impedance that are
characteristic of the failure levels of the device samples for a 1-us
reverse biasing square pulse and (2) the capacitances and the breakdown
voltages of the respective junctions. The samples for each device type
are listed in alphabetical order of the manufacturers' abbreviation
codes (in the main body of the report). The area of the device chip, in
square millimeters, is given after the manufacturer's code. The range
of any of the listed magnitudes (voltage, and so on) is followed, after
a semicolon, by the mean value of that magnitude. The junction capaci-
tance was measured with a capacitance bridge at zero bias and at 3-V
reverse bias; entered in the tables is the value at 3-V reverse bias,
which was found in most cases to be close to one-half of the zero bias
value. The breakdown voltage is the voltage at which, in reverse bias
of the junction, a current of 10 A results. The numbers in the tables
are rounded off to two significant digits.

For all but four manufacturers, the ranges and the mean values in
tables A-1 to A-6 pertain to samples of 20 specimens. The exceptions
are two manufacturers (NJS and WAB) of the 2N1613 transistor and two
manufacturers (STI and UTS) of the 2N4237 transistor, which used several
different designs; the ranges and mean values are shown for each design,
and the number of devices in each sample can be seen in figures 7 and 8
in the main body of the report. The chip areas of each design will
establish the proper correspondence between figure 7 and table A-1 and
figure 8 and table A-2.

Figures A-1 to A-6 show, one for each device type, photomicrographs
of the device chips from the various manufacturers. The magnification
is the same for all chips of one device type; the size of a 1-mm reticle
at the magnification used is shown in each figure. The chip area, in
square millimeters, is given after the manufacturer's code. The first
design of the four manufacturers that used more than one design for a
device type, shown in figures A-1 and A-2, is the design seen in the
initial design identification (sect. 2.1); the subsequent designs are
those found in the device inspection discussed in section 3.2 in the
main body of the report.
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TABLE A-).

RANGES AND MEAN VALUES Of ELEXC)

Bajtter-to-base junction

face P Junction
fac-  ares ant power Inpedance
turer  (m?) w:::” c“:: ) ) ©) capaci tand
(p?)
e 0.29 30-40; 34 $.0-6¢3:5.8 170-220,190 $e10.0;%.9 7:.6=8.0;8
| 3 0.7% 44-6%;5% 6:.0-9:%9:7.8 290-620;430 $.7=10;57.0 35+47; 40
rsc 0.16 25-31;27 4:925.935.3 1201703140  4.6=5.61541 17-20;19
101 0.2% 17-22;20 66510705 110-220;160 2¢1-2.652.4 22-26; 24
nOTA 0.26 35-43;39 1.4=3.633) $7-150;130 10=29,12 18-19;18
ns 1.0 43-100472 6.2=10;8.6 270-050:620 6.9-12;8.4 32-52: 40
0.7?
0.2¢ 20-33;26 $:2+7+3;6.4 100-220;170 3e6-4.974." an-24;22
0.20 26-30;28 3.44.2;3.8  B8-130;110 Te1e7.677.3 17-19;17
RCA 0.53 36-62; %1 3,6-6.715.5 130-330; 280 Te1=12;9.2 24-30;20
38T 0.7? 28-62;5%6 6.0-8.617.3 170-490; 430 6:.8-8.6;7.4 37-42: 40
sT1 0.7 18-78; 3% 1.6=1076.3 80-430; 220 3.1-16;5.3 36-49; 42
swe 0.20 1943127 3.3-4.5;3.9  65-130;110 95.6-7.756.9 16-19;17
TC 0.%6 30-47:39 9.0-20512 270-680; 460 1¢7-4.43).4 36-%2; 44
TIC 1.0 30-90; 68 402-8.4170) $30-660;520 6.5-1319.3 37-42; 40
71t 0.3 23-13¢,29 11-15;14 ) 270-500; 400 1:522.6;2.0 32-38; 3¢
ur: 0.40 23-40;34 3.9-6:%:5.6 110-230; 190 3.9-7.8;6.0 19=26; 21
uTs 0.46 18-38;23 $.9-15;8.5 120-340;190 102-4.4:2.9 N=39;34
WAD 1.0 34-120;9¢ 4e5-9:076.7 170-900 640 3.8-20;14 42-35: 49
0.44 24-28,;26 4:.6<5.3:4.9 110-15031308 $.2-5.3;5.) 22-2%,23
Note: Junctions were reverse diased with l-ys-wide sguare pulses.

TABLE A-2.

RANGES AND MEAN VALUES OF

Enitter-to-base junction

Manu- Chip
fac- area Juncti
, Gre ) Wiwe  cwmat mer e
3 . (pF]
b -
3 AmMC 2.4 34-65; 598 31-39;3% 1100 -2500; 2100 1e0-2.01147 130-17
3 L2, 9.3 20-150;75  16-120;77 . 1,100-16,000;6,000 0.54-6.6;1.3 90-200;
p rsc 1.3 39-48; 44 42-59;49 1000-2600; 2100 0:72+1.0;0.91 130-170|
- GSE 5.0 28-68) 51 30-67,93" 840-3600; 2600 0:72«1.451.0 200-4
d 102 2.3 35-51;44 44-69; 60 1500~ 3400; 2700 0+65-0.80;0.7% 230-28
L‘ MOTA 2.1 40-110,6) 12-33;26 680-1900; 1600 1:5-9.2;2.6 85-160;
b ws 5.2 39-5%,44 26-60;47 1200-2900: 2100 0:71+1.8;0.96 220-32
SCA 1.1 19-38;33 6.%-22;18 180-040;620 1.6-2.921.9 66-77,7
t 800 2.7 34-77,5% 17-40,2% 710-2200; 1400 V04+3.5;2.3 140-219
4 SST 0.80 20~20; 26 23-32;28 460-870;720 0:78=1.1;0.94 $6-7%;
71 8.0 24-68;60 43-85;76 1000-5600;4700 0+.56-0.04,0.70 720-780
S.1 43-130;02 32-69;%0 1400-9000; 4500 1¢12240;1.6 300-380
3.1 3¢ 3 1200 1.2 200
STR 0.57 24-38;)) 6:5-10,68.8 160-360; 290 3.2+4.7;3.8 32-60;)
! ' RS 2.) 27-43;17 52-70;6) 1400-2700; 2300 0446-0.69;0.%9 220-320
urt 0.46 24-44;Y7 8:129.8)7.1 150-370;260 3.4~1015.9 16-42;
1 uts 9.8  35-8);64  23-75;49 810-6200; 3600 1o1+1.5;1.4 «.o.ss:i
b 0.0 18-30; 290 19.36;27 340 -1400;870 0:¢95-1:1;1.0 820-11
3.6 22-67;%0 15-45;)3) 330-3000; 1000 1.3+2.0;1.% 200-600,
2.2 40 28 1100 1.4 140 ‘
WAR 0.99 23-41;37 722-12:9.5% 170-480; 350 3e2-5:113.9 €0-56; 8
Note: Junctions were reverse biased with l-ys-wide square pulses.
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b -
| -1 OF ELRCTRICAL CHMARACTERISTICS AND PAILURE LEVELS OF 21613 TRANSISTOR
[ -
-
- Collector-to-base junction
-
Junction Breakdown Voltage Current Power Inpedance Junction Breakdown
pacitance voltage (v) (A) (W) @) capacitance voltage
(p?) vy (pr) (v)
T 6=0.018.2 20-23;22 130-190;160  0.080-1.8;1.0 11270, 70 83-1700; 300 8.0-10;9.3  110-1405130
. 5-47;40 10-12;11 170-230;200  040050-0.9%5;0.26 0.85-210;5% 210-30,000;11,000 20-27,23 73-220;170
T 720519 7.2-8.017.9 130-190;160  0.0030-0+3%;0.067 0.45-59,11 490-50,000;8,700  7.0-8.0;7.6 110-170;150
b 2226124 7.4-7.617.5 150-220;180  0,030-0.60;0.18 5.4-130;34 350-6000; 1600 8:0-8.5;8.3 140-200;170
b 8-19;18 702-7.617.8 130-170;950  0.013<1.7;0.36  1.7-240;5) 82-13,000;1,200  8.0-10;8.5 96-110,100
b 2-52;40 0.8-11;9.7 180-650;300  0.080-17;9.1 14-5600; 2800 17-2300; 190 22-32;29 110-190; 140
3 400-490, 450 10-12;11 4000-5900; 4900 40-41:40 24-26:25 120-1301130
'hu.n 7.027.8;7.5 140 0.070 9.8 2000 9.9 130
PYI-1017  7.6-8.047.8
14230228  7.8-9.5:8.) 210-360;300  0.23«1.7;1.1 - $5-500;330 180-1000; 340 15-20,16 86-150;140
© 17-42:40  7.5+10;8.6 420-600;550  3.2-9.6;6.0 1300-5800; 3300 63-140;98 16-18;18 130-210;190
16-49:42  7.6=1139.5 1603401260  0.0030-1.670.46 0.54-430;120 150-60,000;6,900 9.0-20;14 100-240; 190
T 819117 7.247.5;7.3 140<170;160  0.35-1.4;0.80 56-240;130 110-490; 260 7.5-8.078.0 110-120;110
C18-32;44 7.4-11;8.% 160-460;320  0.010-1.2;0.80  1.6-460; 260 250-23,000; 410 11-31;15 110-220;170
! 17-42;40  9.6+10;10 330-630;520 11-20,16 4,100-12,000;8,300  25-5); 34 27-30;29 90-130,120
- §2-38:136  8.0-9.0:8.3 280-350;330  0.521.3:0.98 170-450: 320 270-630:360 10-11;10 150-180;170
926121 748+11;8.6 180-350;260  0.12-1.1;0.65 23-1340;170 200-1400; 550 1316314 9%-150;120
©11239;34 6.69.2)7+6 190-300;270  0.010-0+53;002% 149-150:70 550-19,000;2,%00 10-12,11 110-170,150
T 12+9%:49 10-13;01 280-770;500 11227,20 4,440-14,000;10,000 11-48;27 23-30,27 100-150; 130
© 12-2513)  8.0-9.0:8.% 200-2507230  0.35-1.3:1.0 70-310; 230 170-570;280 12-15;13 1201504140
h
. [ES OF SLECTRICAL CMARACTERISTICS AND PAILURE LEVELS OF 2M42)7 TRANSISTOR
3
d Collector-to-base junction
p
Breakdown
Junction sreakdown voltage Curcent pover 1apedance c:""‘;::‘.’:“ vo:n e
capacytance voltage ) \) (W) ©) Ly
tpP) (v {pF) w
130-170;140 11-13; N 240-3005290  0.050-0.25;0.11 15-63:3) 1000-5800; 2900 45-60;%0 * 160-250; 230
$0-200;180  5.4-29;132 150-280;200  00090-6.552.2 17-1800; 440 43-21005270 | 200-270;230  50-170;91
130-170;140  8.6-11;9.7 290-4401370  0410-0+88;0.45 38-330: 100 420-3800; 1200 25-35:29 $0-310;270
200-400;290  6.5-15:11 1003003210  0.0060+2.310.40 0.72-640,93 $7-20, 000, 4,800 100-140;120  60-190;120
230-200,260 7.5-12;10 3204101350  0.60-1,6;1.0 190-640; 370 250-570:370 $0-60;%7 140-220; 200
83-160;110  6.5-12:8.0 270-3001290  0.057-0.3070.18 17-90;44 1000-5000; 2600 £5-120;70 60-290; 240
220-220,290  6.5-10:8.6 320-490;410  0.40-42;12 160-21,000:5,000 12-970;110 100-120;110  120-410;1310
‘ 677,71 113,12 160-3003230  0.0080-0461;0.23 143-180;%6 490-20,000; 2, 400 24-37; 31 60-230; 180
b 140-2105160  10-18,1) 140-480;320  0.0080-2.9;0.97 1.1-1200; 400 140-17,000; 1,700 45-65;5? 60-290;170
Y s6-73;64 8.0-10;9.3 160-370:290  0.0020-0.023;0.0077 0:¢57-8.%5;2.4 15,000-170,000;59,000 12-18;15 160-320; 250
* ) 720-780,760  10-13;13 200-310;260  0+075-1.550.38 15-470:110 210-3100, 1500 110-190; 160 130-190;180
' 300-380;330 20-24;22 230-340;300  04065-0.70;0.2) 19-220; 75 460-4500; 2000 90-120;100 170-290; 230
' 200 10 280 0.20 56 1400 60 220
, 32-60;37 9.4-11;10 120-300; 220 0.0040+1.8;0.54 0.56-500; 140 160~35, 000; 3, 500 12-3%;15 90-270;170
| ¢ 220-320:280 9.5-11;11 140-240;200  0.073-1.4:0.44 12-340:95 170-2300;970 60-80:73 90-160:130
16-42;29 8.2-9.2:0.9 130-240;190 0e10=1460.62 21-340;120 130+2300; 620 6.5-16112 110-160; 130
' 460-530;500 11-15;1) 150-170;160  0.022 343-3.7;3.8 6800-7800; 7300 190-210:200  40-60;%0
820-1100;960 0.4=13:11 260 9.6 180 440 180 80
2006005310  5.5-15511 100-390;180  0.012=1.57041) 1.4-580;44 260-13,000; 7,000 50-120793 60-2207120
140 "
40-%4; 46 7.4-0.8;8.2 210-260;240  0.10-0.86;0.36 28-220;86 300-25007 920 10-19;12 190-240; 220
N
»° b
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TASLE A-). MWWM}

Mmitter-to-base jéaction

Manu- Chip

fec-  ares voltage Current rover Ingedance
turer (a#) Ty, " th @)

rsC 0.16 28-29:27 4:6-%9.3;5.0 130-150,140 §e9-6.17%.4
MOTA  0.8) 30-38; 34 7.4-10;8.8 220-360; 300 3.6=¢.1;:3.9
RIN 0.46 31-40:) $:7=1279.4 310-390;3%0 2:.6=4.414.0
TC 0.56 30-463:40 €e5=10;8.7 190-420; 350 $+0-%.374.7
Il 0.39 29-33;3¢ 6514313 200-460; 390 2:14.8:2.%
4C 0.77 37-62;:93  5:027.2:6.9 190-430: 360 7.4-11;8.5

Note: Junctions were reverse disaed with l-us-wide square pun*

TABLR A-4.

Inicter-to-Dase junction

Hanue Chip
tace area

voltage Current fower lapedance
turer  (asd) ) Ty (" @)
PSC  0.16  21-20;26  4.0-5.014.7  ©4-1405120  $.2-6.0)%.
WOTA 0,26  30-36;36  2.9-3.453.2 87<120;110  10<11;19
RTH 0029  31-56;34  $.6-6+2:5.9 18023505200  $.0-9.0;%.
™e 0.37 25-29,27 6:0~6:7:6.3 150-190;170 3.0-4.6;64.
721 0022  22-36;30 3.4-0.874.4  75-160;130  Sc1-8.4;6.

Note: Junctions were reverse diesed with l-ys-wide square puq

TABLE

A=5. RANGES

AND MEAN

mitter-to-base junction

Manu- Chip
tac- area

voltage Current Powver Iapedance
tarer  (w?) Ty Y 0 @) €
rsC 0.083 17223;19 0.92-1.1;1.0 16-25;20 10-22;19 34
NOTA  0.10 16-19;18 1.8-1.6;1.5 24-30»27 Vi=14;12 2.
RTN 0.1? 19-24: 21 0:8021¢13;0.98 15-26; 2 19-24;22 k
TEC 0.15% 19-26;23 1.0=1:551.3 20-36;29 18-20;18 2.
Note:

Junctions were reverse biased with leus-wide square '“'“1

YT YTy
-

-

e

p———

’

TABLE A-6., RANGES AND WMEAN VALQ
Bajtter-to-base 5\mcuoa1
Manu- Chip
tac- area
Voltage Current Pover Inpedance
turer  (mal) v iy (w) @)
rsc 0.28 21-27;24 3.8-6:6:16.0 9%-160;140 3o5-6.6;4.0
MOTA  0.25 20-23;21 5¢7-7¢1;6.2  120-150;130  2.9-4.0;3.9
RTN 029 19-23: 0 $.8-7.4:6.4 120-160;130 2.8-3.6;3.1
TEC 0.30 18-27:23 4.8-6:6;5.7 91-160:130 2.74.6; 4.0
T 0e2%  18-20;25  3.1-4+5:4.3  $6-120;110 5.3-7.4:%.4
Note: Junctions were reverse Diased with l-us-wvide square pul(
T |
|
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; APPENDYX A
}! RANGES AND MEAN VALUES OF BLECTRICAL CMARACTERISTICS AND PAILURE LEVELS OF JANZN1613 TRANSISTOR
‘tter-to-base junction Collector-to-base junction
Junction Rreakdown Junction Sreaidowm
Power Iapedance volts Curreat Powar Iapedance
n @) capacitance woltage (V)'. {r) (w) w) capacitance voltage
' (p?) V) te?) (4]
~1507140 4:9-6:135.4 141514 6.9-7.9:7.4 190-250:220 0.30-0.85;0.6%  ©80-200;140 240-600¢35%0 $09-69;6.0 120-160;740
- 3605300  3.6-4.1;3.9  35-41;39 7.2-8:.2;7.9 200-270:240 0.040<1.3;1.1 9.0-410, 280 160-5000;460 11-13;12 140-160, 150
3901350  2:6-4+4:4.0 33-38;35 8.1-10/9.4 250-330;300 0.4%5-0.88,0.61 140-290; 180 320-710: %10 0:2-9.1;0.%  190-220, 200
~4205350  4.0-5.374.7 30-49;44 7:5~9.1,8.) 200-380:300 6.4~14;10 1300-4500; 3100 23-41, 3% 19-24; 21 110-140;120
[ -4601390  2.1-6.8;2.5  29-30;29 8.2+9.1:8.7 2003401370  0.40-1.4;51.1 110-450,330 310-7105 320 7:2-0.6;8.0 130-200;160
| -430;360 7.4-1158.5 37=4744 9.0-1V19.9 340600, 490 10=34;16 3,500-12,0005 7,800 20-4%;32 2=24;23 93-140,110
t © l=us-wide square pulses.
-4e RANGES AND MEAN VALURS OF RLECTRICAL CMARACTERISTICS AND PAILURE LEVELS OF JANIN2222 TRANSISTOR
:ter-to-base junction - Collector-to<base junction
ion Breskdown
>ower Iapedance Junction Sreakdown voltage Current pover Iapedance Junct
,'(') o) capacitance voltage W (a) [TH m) ‘ capacitance valtage
By (P7) (v) (pP) (V)
-140;120 $02-6:0;5.6 12-18;13 704=7.8;7:6 120-200;160 0.0010-0.%0:0.24 0:12+78,49 200-120,00077,200 4.6-6.3;5.% 100~180; 150
-1203110 10-11,11 12-14,13 €:7=7.3:7.0 130-170;150  0.095-0.9350.40 14-130:70 150-16005420 5:8-742:6.2 86-100;97
3=330;200 5.0+9.0;%.7 Y7-20;18 7:3=8.137.8 180-200;180 0.80-0.72)0.5% 72-130;100 270-5001 340 8.0-11;9.3 120-130;130
)-190;170  3.8-4.6;4.2 13-16;18 €e6-7.1,6.9 110=320;100 0.0050-0.43:0.048 0.63-94:9.6 $10-30,000;9,900 4.8-7:3:6.6 92-180;150
. -160;130 Se1-0:4;6.0 13=16;14 €e8-7.417." 110-140;130 0.0050=1.1;0.53 0.%5~150;72 $130-22,000; 1,400 $.6-6+1;%.0 100-1205110
~us=-vide egquare puless.
\
RANGES AND MEAW VALUSS OF ELECTRICAL CMARACTERISTICS AND FAILURE LEVELS OF JAWNZN23I63A TRANSISTOR
er-to-base junction Collector-to-baste junction
Junction Breakdown ) Junction Sreakdown
Jover Inpedance 1ea Cucrent Powar Iapedance
(W) o) capacitance voltage W(v)qt (A ) -’:‘“ capacitance voltage
- (p?) (v) (pF} (v}
-25:20 10422;19  3.0-3.2:3.1 3.,6-5.8:5.8 52-6%;%8 0.070-0.90;0.18 4.0-54;11 67-81¢. 47C 1.922.8;2.1 45-58;52
T-30127 11-14412 2.1=3.5:2.) 6e3-6.8;6.6 $8-8; M 0.090-0,20;0.13 6¢3-14;9.0 © 290-830; 560 1.7=3.1;1.9 5074162
T 26 20 19-24;22 3.2-3.9:3.3 $5.0-3.9,%.8 74-100:88 0.,0020-0:.048:;0.019 018+ /.9;1.6  1,700-45,.000,70,000 3+2-4.0,3.4 52-64;60
"€36;29  13-20,18  2:7-3.112.9  6.0-6.416.2 60-85:70  0.10-0.4750.27 Te3-31;18 130-850; 340 2:6-3.2;2.80 50-63;%56
us-wide square pulses.
¢
RANGES AND MEBAR VALUES OF ELECTRICAL CHARACTERISTICS AND FAILURE LEVELS OF JAN2N290? TRANS ISTOR
tter-to-base junction Collector-to-base junction
‘war tupedance Junction Breakdown woltage Curcent powver Impadance Junction Breakdown
- W) @) capacitance voltage v (A) () ®) capaci tance voltage
. (pf) (v) (pf) (v)
‘60:100 3.5-6.6;:4.1 13-17;18 7:.6-8.2;7.9 81-140;:110 0,15-1.8;0.85 13-230:94 45-600; 220 7.8-8.4;0.2 70-120:100
*$Q: 130 2.9-4.0;1.% 12-14;13 Te5<7.7;7:.6 100-140:120 0.0050-0.79:0.42 0.55-91,;%1 140-22,000;1,500 5.4-6.4;5.8 90-120;110
1603130 2.8-3.6;13.) 14-16:15 6.6-8.0;7.7 120-160:150 0.93-2.1-1.) 140-330:190 62-160;120 8.4-10;9." 90-99;94
$7;: 130 247+4.6;48.0 11-16;14 7.2-2.4:7.9 90-140: 110 0427-2.%;1.0 24-270:110  44-1330;140 7.6-11;R. 4 70-130;:110
20:110 5.3-7.4:5.9 013,12 7.427.7;7.6 95-121;110 0.28-0.68;0.76 27-97;82 110-340:1%0 6.6-8.5;7.6 90-110;100
leug-wide .
square pulses .-
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APPENDIX A

ST, 3.1 uTs, 2.2 uTs, 8.0

Figure A-2. Desiqgn variations of 2N4237 transistor (cont'd).
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1mm

Figure A-3. Design variations of JAN2N1613 transistor.

FSC, 0.18

AT, 0.29

[
1

1mm
Figure A-4. Design variations of JAN2N2222 transistor.

FSC, 0083 MOTA, 0.10 ATN, 0.17 TEC, .18

4

[
T

1mm
Figure A-5. Design variations of JAN2N2369A transistor.

FSC, 0.24 MOTA, 025

[
| o

1mm

Figure A-6. Design variations of JAN2N2907 transistor.

44

e
e

e o aa N — - nadeiesstietsiesinesheinestuntesstentuntustestesstudl



b . S
- N
P.—.‘ -.1
p—-- ! r
:' . K
& DISTRIBUTION 1
-
:B -
R 4
. ADMINISTRATOR DIRECTOR
L DEFENSE TECHNICAL INFORMATION CENTER DEFENSE COMMUNICATIONS AGENCY
ATTN DTIC-DDA (12 COPIES) ATTN CHAIRMAN, MIL COMM-ELEC BOARD - ;
CAMERON STATION, BLDG 5 (2 COPIES) B
ALEXANDRIA, VA 22314 ATTN B433 (PARKER) 0
ATTN TECH LIBRARY .l
DIRECTOR 8TH & S COURTHOUSE ROAD [ !
g US ARMY BALLISTIC RESEARCH LABORATORY ARLINGTON, VA 22204 =3
£ ATTN DRDAR-TSB-S (STINFOQ) 9
|- ABERDEEN PROVING GROUND, MD 21005 DIRECTOR
- DEFENSE COMMUNICATIONS ENGINEERING CENTER
’ OFFICE OF THE SECRETARY OF DEFENSE ATTN DEP DIR, SATCOM ENGNG, R400 ,
ATTN DIR PROGRAM ANALYSIS & EVAL ATTN SYS SURV DIV, R810 K
ATTN ASST FOR INFORMATION, RM 2E131 ATTN TECH LIBRARY Y -{
WASHINGTON, DC 20301 1860 WIEHLE AVE g
RESTON, VA 22090 .
UNDER SECRETARY OF DEFENSE RESEARCH e
& ENGINEERING DIRECTOR T
ATTN DEP UNDER SECY, RES & ADV TECH DEFENSE ELECTROMAGNETIC COMPATIBILITY s
ATTN DIR DEFENSE TEST & EVAL ANALYSIS CENTER "
ATTN DIR ELECTRONICS & PHYS SCIENCES ATTN DEP DIR SPECIAL PROJECTS R
ATTN DIR EW & C3CM ATTN SCIENTIFIC ADVISOR ®
ATTN DIR RES & TECH INFO ANNAPOLIS, MD 21402 -4
ATTN DIR THEATER & TACT C3
ATTN CHAIRMAN, DEF SCIENCES BOARD DIRECTOR
WASHINGTON, DC 20301 DEFENSE INTELLIGENCE AGENCY
ATTN C3 & FORCE ANALYSIS BR, DB-1G
CHAIRMAN ATTN STRAT DEF C2 & SPACE DIV, DT-4
JOINT CHIEFS OF STAFF ATTN TECH ASST, R&D APPL, DT » E
ATTN DIR C3S (3 COPIES) WASHINGTON, DC 20301 gy
ATTN J-3, EW & C3CM DIV
ATTN J-5, NUCL & CHEM DIV DIRECTOR )
WASHINGTON, DC 20301 DEFENSE NUCLEAR AGENCY J
ATTN DEP DIR SCI & TECH, DDST .
COMMANDER=-IN-CHIEF ATTN ELEC VULN DIV, RAEV b
CONTINENTAL AIR DEFENSE COMMAND, JCS ATTN EMP EFFECTS DIV, RAEE (2 COPIES)
ATTN TECH LIBRARY ATTN THREAT ASSESSMENT DIV, NATA -
ENT AFB ATTN SCI INFO DIV, TISI SRR
COLORADO SPRINGS, CO 80912 WASHINGTON, DC 20305 9
DIRECTOR NATIONAL COMMUNICATIONS SYSTEM 3
_ JOINT STRAT TGT PLANNING STAFF OFFICE OF THE MANAGER d
s ATTN JLA, THREAT APPL DIV DEPARTMENT OF DEFENSE ,
l‘ ATTN STINFO LIBRARY ATTN NCS-TS 1
OFFUT AFB WASHINGTON, DC 20305 ®

OMAHA, NE 68113

——
1
e

CENTRAL INTELLIGENCE AGENCY

} DIRECTOR ATTN OWSR/NED R
COMMAND & CONTROL TECHNICAL CENTER ATTN OWSR/STD/MTB, A. PADGETT _\
ATTN SURV R&D OFFICE, C605 WASHINGTON, DC 205C5 )
} . ATTN VUL ANALYSIS BR, C312 4
| ATTN TECH LIBRARY DIRECTOR ‘
r WASHINGTON, DC 2030) FEDERAL EMERGENCY MANAGEMENT AGENCY - <
OFFICE OF RESEARCH/NPP
DIRECTOR ATTN STATE & IOCAL PROG SUPPORT T4
DEFENSE ADVANCED RESEARCH PROJECT AGENCY 500 C STREET, SW
ATTN DEP DIR FOR RESEARCH (2 COPIES) WASHINGTON, DC 20472 }
- 1400 WILSON BLVD K
L ARLINGTON, VA 22209 1
¢ ®
b 45 B




DISTRIBUTION {(Cont'd)

FEDERAL PREPAREDNESS AGENCY
GENERAL SERVICES ADMINISTRATION
ATTN ESTS-M MURTHA

18TH & F STREETS, NW
WASHINGTON, DC 20405

DIRECTOR

ELECTRONICS & TELECOMMUNICATIONS
EVALUATION CENTER

ATTN RES & EVAL DIV

RM 108, PLAZA WEST BLDG

1735 N LYNN ST

ARLINGTON, VA 22209

COMMANDER

FIELD COMMAND, DEF NUCL AGENCY
ATTN TECH REF BR, FCSD-A4
KIRTLAND AFB, NM 87115

CHIEF

FIELD COMMAND, DEF NUCL AGENCY
ATTN FCPRL

PO BOX BLS

LIVERMORE, CA 94550

LIRECTOR

INTERSERVICE NUCLFAR WEAPONS SCHOOL
ATTN TTV

KIRTLAND AFB, NM 87115

DIRECTOR

NATIONAL GUARD BUREAU

ATTN COMM ELF & METEORQLOCY OFC
WASHINGTON, DC 20301

DIRECTOR

NATIONAL SECURITY AGENCY
ATTN R151, P. DEBOY
ATTN R161, P. ZEBROWSKI
ATTIN TECH LIBRRARY

FT MEADE, MD 20755

ASSISTANT SECRETARY OF THE ARMY
(RES DEV & ACY)

ATTN DEP FOR SCI & TECH

ATTN CHAIRMAN, ARMY SCIENCE BOARD

WASHINGTON, D¢ 20310

ARMY CHIEF OF STAFF
DEP CH OF STAFEF FOR RES DEV & ACQ
ATTN UIK OF ARMY RES, DAMA-ARZ-A
ATIN C2 SHURVEILLANCE SYS DIV, DAMA-CSC
ATTN NUCL TM, DAMA-CSS-N
ATTN 5YS REV & ANALYSIS OFC, DAMA-RAX
ATTN ASST DEb CH OF STAFF FOR

RES DEV & ACQ, DAMA-ZB
WASHINGTON, LU 20310

ARMY CHIEF OF STAFF

DEP CH OF STAFF FOR OPERATIONS & PLANS
ATTN DAMO-NCN, COL. F. KULIK

ATTN DIR NUCL & CHEM DIRECTORATE, DAMO-NCZ
ATTN EW DIV, DAMO-RQI

WASHINGTON, DC 20310

COMM\NDER

US ARMY ARMAMENT RES & DEV COMMAND
ATTN DRCPM-ADG, CH. CHRISTENSEN
ATTN DRDAR-DP, COL C. JONES, JR.
ATTN DRDAR-IC (2 COPIES)

ATTN DRDAR-SE

ATTN DRDAR=-TDR

DOVER, NJ 07801

COMMANDER

US. ARMY AVIATION RES & DEV COMMAND
ATTN DRCPM-AAH, MR. ROMANO

ATTN DRDAV-B

ATTN DRDAV-E, DIR SYS ENG & DEV
ATTN DRDAV-RPV, G. DOERR

PO BOX 209

ST LOUIS, MO 63166

COMMANDER

US ARMY BALLISTIC MISSILE DEFENSE
SYSTEMS COMMAND

ATTN BMDATC-T, M. CAPPS

ATTN BMDSC-LEE, R. WEBB, T. BOLT

ATTN R. DEKALB

ATTN TECH LIBRARY

PO BOX 1500

HUNTSVILLE, AL 35807

COMMANDER

US ARMY COMMUNICATIONS COMMAND
ATTN CC-LOG-LEO

ATTN CC-OPS-0S

ATTN CC-OPS-WR, CONNELL (2 COPIES)
ATTN COMBAT DEV DIV

ATTN EMP STUDY GROUP

FT HUACHUCA, AZ 85613

COMMANDER

US ARMY COMMUNICATION-ELECTRONICS
COMMAND

ATTN DRCPM-ATC~T

ATTN DRCPM-ATC-TM

ATTN DRCPM-GARS-TM, G. WOODS

ATTN DRCPM-MSCS

ATTN DRCPM-OTDS-TM

ATTN DRCPM-PL-MGT

ATTN DRCPM-PL-PLRS

ATTN DRCPM-SC-3 (2 COPIES)

ATTN DRCPM=TF-TM

ATTN DRCPM~-TMDE-L

ATTN DRSEL-COM-RN, S. GEORGE

ATTN DRSEL~POD-T

ATTN DRSEL-SEI (2 COPIES)

G v e A




DISTRIBUTION (Cont'd)

COMMANDER

US ARMY COMMUNICATION-ELECTRONICS
COMMAND (Cont'd)

ATTN DRSEL~SEI-A

ATTN DRSEL~TCS-B, L. SARLO

ATTN DRSEL~TCS-OD (2 COPIES)

FT MONMOUTH, NJ 07703

COMMANDER

US ARMY COMPUTER SYSTEMS COMMAND
ATTN TACMIS, PMO

FT BELVOIR, VA 22060

COMMANDER

US ARMY ELECTRONICS RESEARCH &
DEVELOPMENT COMMAND

ATTN DELCS-DT

ATTN DELCS-R

ATTN DEICS~S

ATTN DELCS~-X

ATTN DELET-DD

ATTN DELET-DT

ATTN DELET-I

ATTN DELET-M

ATTN DELEW-DD

ATTN DELEW-V

ATTN DELSD-L, TECH LIBRARY

ATTN DRCPM-FFR-DPM

ATTN DRCPM-FFR~PFM

ATTN DRCPM-FFR~TM

ATTN DRCPM-MI

ATTN DRDEL-S, SCIENCE ADV

FT MONMOUTH, NJ 07703

COMMANDER

US ARMY ELECTRONICS RESEARCH &
DEVELOPMENT COMMAND

ATTN DRCPM-BD-TM

HANSCOM AFB, MA 01731

COMMANDER

US ARMY ELECTRONICS RESEARCH &
DEVELOPMENT COMMAND

ATTN DELAS-AS (2 COPIES)

ATTN DELAS-EO, DR. NILES

ATTN DELEW-M-AD

ATTN DELEW-M-ST

ATTN DELEW-M-TA

WHITE SANDS MISSILE RANGE, NM 88002

COMMANDER

US ARMY ELECTRONICS RESEARCH &
DEVELOPMENT COMMAND

ATTN DELNV D (2 COPIES)

ATTN DELNV SI (2 COPIES)

FT BELVOIR, VA 22060

47

COMMANDER

US ARMY ELECTRONICS RESEARCH &
DEVELOPMENT COMMAND

ATTN DELSW-C

ATTN DELSW-CC

ATTN DELSW-D-0S

ATTN DELSW-E

WARRENTON, VA 22186

US ARMY ELECTRONICS TECHNOLOGY
& DEVICES LABORATORY

ATTN DELET-DD

FT MONMOUTH, NJ 07703

COMMANDER

US ARMY INTELLIGENCE & SECURITY COMMAND

ATTN ITAC

ATTN SYS INTEG & CONTROL BR
4000 ARLINGTON BLVD
ARLINGTON, VA 22212

COMMANDER

US ARMY MATERIEL DEVELOPMENT &
READINESS COMMAND

ATTN DRCCE

ATTN DRCDE

ATTN DRCDMD-ST

ATTN DRCDP

ATTN DRCNC

ATTN DRCPM~AARH

ATTN DRCPM~FVS-W

ATTN DRCPM~GCM-WF

ATTN DRCPM~MDW

ATTN DRCAQ~S

5001 EISENHOWER AVE

ALEXANDRIA, VA 22333

COMMANDER

US ARMY MISSILE COMMAND
ATTN DRCPM~CF

ATTN DRCPM~HD

ATTN DRCPM~LC

ATTN DRCPM-NEDI, R. HASE
ATTN DRCPM~PE

ATTN DRCPM-RSE, B. RICHARDSON
ATTN DRSMI-D

ATTN DRSMI-EA, D. MATHEWS
ATTN DRSMI~Q

ATTN DRSMI-RD

ATTN DRSMI-RG

ATTN DRSMI-RN

ATTN DRSMI-RPT

ATTN DRSMI-RR

ATTN DRSMI-U

ATTN DRSMI-Y

ATTN TECH LIBRARY

REDSTONE ARSENAL, AL 35809

. '.!_'

ekt S

¥
: .
WEPY WRILTUTR

]
A

'®
D SN

P

[



DISTRIBUTION

COMMANDER

US ARMY MOBILITY EQUIPMENT RESEARCH &
DEVELOPMENT COMMAND

ATTN ASSOC TECH DIR (R&D)

ATTN COUNTER SURVEILLANCE LAB

ATTN DRCPM-MEP

ATTN DRDME-T

ATTN DRULME~U

ATTN TECH IIBRARY

FT BELVOIR, VA 22060

COMMANDER

US ARMY TANK-AUTOMOTIVE COMMAND
ATTN DRCPM-FVS-SEV, J. LORIDAS
ATTN DRCPM-FVS-U, G. CHAMBERLAIN
ATTN DRCPM-GCM-SW, R. SLAUGHTER
ATTN DRCPM-ITV, V. KOWACHECK
28251 VAN DYKE AVE

WARREN, MI 48090

COMMANDER

US ARMY TEST & EVALUATION COMMAND
ATTN DRSTE-PA, R. GALASSO
ABERDEEN PROVING GROUND, MD 21005

COMMANDER

US ARMY TEST & EVALUATION COMMAND
ATTN STEWS~CE

ATTN STEWS-TE

ATTN STEWS-TE-AN, J. OKUMA

WHITE SANDS MISSILE RANGE, NM 88002

COMMANDER

US ARMY TRAINING & DOCTRINE COMMAND
ATTN ATCD-IE

ATTN ATCD~T

ATTN ATCD-Z, COL. A MOJECKI

ATTN ATCE

ATTN ATID

FT MONROE, VA 23651

COMMANDER

US ARMY TRAINING & DOCTRINE COMMAND
ATTN SYS ANALYSIS ACTIVITY

WHITE SANDS MISSILE RANGE, NM 88002

COMMANDER

US ARMY ABERDEEN PROVING GROUND
ATTN STEAP-TL, TECH LIBRARY
ABERDEEN PROVING GROUND, MD 21005

COMMANDER

US ARMY AVIONICS RESEARCH & DEVELOPMENT
ACTIVITY

ATTN DAVAA-E

ATTN DAVAA-1

FT MONMOUTH, NJ 07703

48

(Cont'd)

COMMANDER

US ARMY COMM-ELEC ENGNG INSTAL AGENCY
ATTN CCC~CED-SES

ATTN TECH LIBRARY

PT HUACHUCA, AZ 85613

COMMANDER

US ARMY ELECTRONICS PROVING GROUND
ATTN STEEP-MI'-EW

FT HUACHUCA, AZ 85613

COMMANDER

US ARMY FOREIGN SCIENCE & TECHNOLOGY
CENTER

ATTN DRXST=-SD

ATTN TECH LIBRARY

220 7TH ST, NE

CHARLOTTESVILLE, VA 22901

COMMANDER

US ARMY MATERIEL SYSTEMS ANALYSIS
ACTIVITY

ATTN DRXSY~-CC

ATTN DRXSY-MP

ATTN DRSXY-PO

ABERDEEN PROVING GROUND, MD 21005

COMMANDER

US ARMY MISSILE & MUNITIONS
CENTER & SCHOOL

ATTN ATSK-CTD-F

REDSTONE ARSENAL, AL 35809

COMMANDER

US ARMY NUCLEAR & CHEMICAL AGENCY
ATTN MONA-WE

ATTN MONA-ZB

7500 BACKLICK ROAD, RTDG 2073
SPRINGFIELD, VA 22150

COMMANDER

US ARMY OPERATIONAL TEST & EVALUATION
AGENCY

ATTN SCI ADV

ATTN SCI & TECH DIV

ATTN TECH LIBRARY

5600 COLUMBIA PIKE

FALLS CHURCH, VA 22041

COMMANDER

US ARMY RESEARCH & STUDY GROUP (EUR}
ATTN CHIEF, PHYS & MATH BR

FPO, NY 09510

Ay =
PP I | ‘L

abindhdadinds

L

kot

—




- “H
..

&

,,
ik

Ll AR S0 Ae S0 e

.

Dl siu”aut ot amcamy 4

'
-
3

»

’
-
g

DS N S A A S RV A e eV it

DISTRIBUTION (Cont'd)

COMMANDER

US ARMY RESEARCH OFFICE

ATTN DKXRO-EG, DIR ENGNG DIV
ATTN DRXRO-EL, DIR ELECTONICS DIV
ATTN DRXRO-ZC

ATTN TECH LIBRARY

PO BOX 12211

RESEARCH TRIANGLE PARK, NC 27709

COMMANDER

US ARMY SATELLITE COMMUNCIATIONS
AGENCY

ATTN DRCPM-SC-5G

FT MONMOUTH, NJ 07703

COMMANDER

US ARMY SIGNAL CENTER & FT GORDON
ATTN ATZHCE, DIR COMM & ELEC

FT GORDON, GA 30905

CHIEF

US ARMY COMMUNICATIONS SYSTEMS AGENCY
ATTN CCM-AD-SV

ATTY CCM-RD-~T

FT MONMOUTH, N5 07703

DIRECTOR

US ARMY BALLISTIC RESEARCH LABORATORY
ATTN DRDAR-BLV

ATTN DRDAR-TSB-S (STINFO)

ABERDEEN PROVING GROUND, MD 21005

DIRECTOR

US ARMY CONCEPTS ANALYSIS AGENCY
ATTN NUCL & CHEM ANALYSIS, 806
8120 WOODMONT AVE

BETHESDA, MD 20814

DIRECTOR

US ARMY ENGINEERING TOPOGRAPHIC LAB
ATTN ETL-PRO

ATTN ETL-TD-EB

FT BELVOIR, VA 22060

DIVISION ENGINEER

US ARMY ENGINEER DIVISION
ATTN HNDED-SR (2 COPIES)
PO BOX 1600, WEST STA
HUNTSVILLE, AL 35807

PRESIDENT

ARMOR & ENGINEER BOARD
ATTN ATZK~-AE~IN-E

FT KNOX, KY 40121

PRESIDENT
US ARMY AVIATION BOARD
ATTN ATZQ-OT-ES

FT RUCKER, AL 36360

49

PRESIDENT

US ARMY INTELLIGENCE & SECURITY
BOARD

ATTN ATSI-BD-EW

FT HUACHUCA, AZ 85613

PROGRAM MANAGER

BALLISTIC MISSILE DEFENSE PROGRAM OFFICE
ATTN DACS-BMI', TECH GP

ATTN DACS-BMZ-B, DIR

5001 EISENHOWER AVE

ALEXANDRIA, VA 22333

ASSISTANT SECRETARY OF THE NAVY

(RES ENGNG & SYS)
ATTN ASST FOR ELBC & PHYS SCI, 5E731
ATTN ASSOC DEP C3, SE785
WASHINGTON, DC 20350

CHIEF OF NAVAL RESEARCH
OFFICE OF NAVAL RESEARCH

ATTN PROJ MGR COMM & COMP TECH, ONR-240
ATTN PROJ MGR ELEC & EM TECH, ONR-250
ATTN LEADER ELEC DIV, ONR-414

800 QUNICY ST

ARLINGTON, VA 22217

CHIEF OF NAVAL OPERATIONS
EXECUTIVE PANEL

ATTN SCIENCE ADV, NOP-00K4
2000 N BEAUREGARD ST
ALEXANDRIA, VA 2231

DEP CHIEF OF NAVAL OPERATIONS
{SURFACE WARFARE)

ATTN DIR SURFACE COMB SYS, DIV NOP-35

WASHINGTON, DC 20350

CHIEF OF NAVAL MATERIEL
NAVAL MATERIEL COMMAND, HQ

ATTN TECH DIR, NMAT-07C (2 COPIES)
800 N QUINCY ST

ARLINGTON, VA 22217

COMMANDER

NAVAL AIR SYSTEMS COMMAND, HQ
ATTN CH SCIENTIST, 03C

ATTN TECH DIR ADV SYS DIV, O03Pi
ATTN DIR ADV WEAPON SYS DIV, 03P2
ATTN RES ADMIN, 310

ATTN C2&G ADMIN, 360

ATTN SURVEILLANCE ADMIN, 370

1411 JEFFERSON DAVIS HWY
ARLINGTON, VA 20361

P

VNPT ST O NPT SRR {

]
!

‘.,"

oA

—




vy

DISTRIBUTION

COMMANDER

NAVAL AIR SYSTEMS COMMAND, HQ

ATTN DIR MISSION EFF ANALYSIS
DIV, 526

ATTN TECH DIR TEST & EVAL, O6A

1421 JEFFERSON DAVIS HWY

ARLINGTON, VA 20361

COMMANDER

NAVAL ELECTRONIC SYSTEMS COMMAND, HQ

ATTN MGR SPACE PROJ, PME106

ATTN DEP PROJ MGR JP1, PME107A

ATTN DEP DIR AIR RECON & EW DIV, PME107-2A

ATTN DEP DIR SURFACE EW SYS DIV, PME107-3A

ATTN MGR COMMUNICATIONS SYS PROJ OFC,
PME110

ATTN DEP PROJ MGR COMMAND SYS, PME120A

ATTN DEP DIR RES & TECH GROUP, NELEX-61A

ATTN SYS EFFECTIVENESS DIV, NELEX-813

ATTN PME 110-2414/D. O'BRYHIM

ATTN TECH LIBRARY

2571 JEFFERSON DAVIS HWY

ARLINGTON, VA 20360

COMMANDER
NAVAL SEA SYSTEMS COMMAND, HQ
ATTN DIR RES TECH & ASSESSMENT, 003
(2 COPIES)
ATTN DEP DIR SURVEILLANCE SY, 62XB
ATTN DIR SURF MISSILE WEAPONS SYS, 62ZB
ATTN DIR SURFACE SYS SUBGROUP, 63Y
2521 JEFFERSON DAVIS HWY
ARLINGTON, VA 20360

COMMANDER

NAVAL SEA SYSTEMS COMMAND, HQ
ATTN TECH LIBRARY

2531 JEFFERSON DAVIS HWY
ARLINGTON, VA 20362

COMMANDER

NAVAL SEA SYSTEMS COMMAND, HQ

ATTN DIR SURFACE WF SYS R&D OFC, 62R
2221 JEFFERSON DAVIS HWY

ARLINGTON, VA 20360

COMMANDER

NAVAL SURFACE WEAPONS CENTER
ATTN ASSOC TECH DIR, D2
ATTN NUCL EFFECTS DIV, F30
ATTN RADIATION DIV, R40
ATTN TECH LIBRARY

WHITE OAK, MD 20910

COMMANDER

NAVAL SURFACE WEAPONS CENTER
ATTN EM EFFECTS DIV, F50
ATTN SURV & APPL SCI DIV, G50
DAHLGREN, VA 22448

50

[

(Cont'qd)

COMMANDER

NAVAL RESEARCH LABORATORY

ATTN ASSOC DIR RES, 2000

ATTN ASSOC DIR RES, 4000 (2 COPIES)
ATTN ASSOC DIR RES, 5000

ATTN SUPERINT RAD SCI DIV, 6600
ATTN RAD SURV & DET, 6610

ATTN SUPERINT ELEC TECH DIV, 6800
ATTN SOLID ST DEV, 6810

ATTN ASSOC DIR RES, 7000

ATTN SEN SCIENTIST, 7007

ATTN TECH LIBRARY

WASHINGTON, DC 20375

COMMANDER

NAVAL OCEAN SYSTEM CENTER
ATTN W. MOLER (2 COPIES)
ATTN TECH LIBRARY

SAN DIEGO, CA 92152

COMMANDER

NAVAL WEAPONS CENTER
ATTN RES DEPT, 38
ATTN TECH LIBRARY
CHINA LAKE, CA 93555

COMMANDING OFFICER

NAVAL WEAPONS EVALUATION FACILITY
ATTN TECH LIBRARY

ALBUQUERQUE, NM 87117

DIRECTCR

COMMANDER & CONTROL (NAVY)

ATTN CH SCIENTIST, NOP-094H (2 COPIES)
WASHINGTON, DC 20350

DIRECTOR

OFFICE OF NAVAL INTELLIGENCE
ATTN DIR R&D, NOP-0O09E

1300 WILSON BLVD

ARLINGTON, VA 22209

DIRECTOR

OFFICE OF NAVAL WARFARE
ATTN TECH DIR, NOP~095TD
WASHINGTON, DC 20350

DIRECTOR

OFFICE OF RESEARCH, DEVELOPMENT,
TEST & EVALUATION (NAVY)

ATTN DIR, NOP-981

ATTN DIR, NOP-982

ATTN DIR TEST & EVAL DIV, NOP-983

ATTN DIR C2 DEVELOPMENT DIR, NOP-986

ATTN DIR R&D PLANS DIV, NOP-987

WASHINGTON, DC 20350

T

.
L
K

e

N oy

N®

v s a4 a4 a4 . oa

a

i



r‘q":‘nvﬁ“ v

.Vrr—.vvi'...

T

[

L et

L, S 0 0 A A 0 ) G S ot @ SR Sut

DISTRIBUTION (Cont'd)

DIRECTOR

PROGRAM PLANNING OFFICE (NAVY)

ATTN SPEC ASST AIR WE/R&D, NOP-90G

ATTN SPEC ASST SURF WF CEIEW, NOP-090R
ATTN DEP DIR STUDIES & ANALYSIS, NOP-96C
ATTN ASST RES & ANALYSIS TECH, NOP-96E1
ATTN HD C3 SEC, NOP-961E

WASHINGTON, DC 20350

DIRECTOR

STRATEGIC SYSTEMS PROJECTS (NAVY)

ATTN DEP TECH DIR TECH DIV, 200 (2 COPIES)
1931 JEFFERSON DAVIS HWY

ARLINGTON, VA 20376

DIRECTOR

STRATEGIC SYSTEMS PROJECTS (NAVY)
ATTN TECH DIR JPM3, JCM-0OOT

ATTN TECH DIR PM-4, ASW-00T

ATTN PROJ MGR PM-23, TN-0O0

2511 JEFFERSON DAVIS HWY
ARLINGTON, VA 20360

OFFICER-IN-CHARGE

NAVAL CONSTRUCTION BATTALION CENTER
ATTN CIVIL ENGNG LAB, L51

ATTN TECH LIBRARY

PORT HUENEME, CA 93041

PRESIDENT CENTER FOR NAVAL ANALYSES
ATTN NAVAL STUDIES GROUP

2000 N BEAUREGARD ST

ALEXANDRIA, VA 22311

SUPERINTENDENT

NAVAL POSTGRADUATE SCHOOL
ATTN TECH LIBRARY
MONTEREY, CA 93940

ASSISTANT SECRETARY OF THE AIR FORCE
(RES DEV & LOG)

ATTN DEP ASST SECY FOR SYSTEMS, SAF/ALR

WASHINGTON, DC 20330

HQ, USAF/SAMI
WASHINGTON, DC 20330

CHIEF OF STAFF, USAF

OFFICE OF THE CHIEF OF STAFF
ATTN CH SCIENTIST, CCN
WASHINGTON, DC 20330

ASSSITANT CHIEF OF STAFF, USAF

(STUDIES & ANALYSES)
ATTN CH SCIENTIST, AF/SANT
ATTN DIR THEATER FORCE ANALYSIS, AF/SAG
ATTN DIR STRAT FORCE ANALYSIS, AF/SAS
WASHINGTON, DC 20330

DEPUTY CHIEF OF STAFF, USAF
(PLANS & OPERATIONS)

ATTN DIR C2&TELECOM, AF/XOK

WASHINGTON, DC 20330

DEPUTY CHIEF OF STAFF, USAF
(RES DEV & ACQ)

ATTN DIR DEV & PROD, AF/RDP

ATTN DIR OPER REQUIREMENTS, AF/RDQ
ATTN DIR SPACE SYS & C3, AF/RDS
WASHINGTON, DC 20330

CHAIRMAN
SCIENTIFIC ADVISORY BOARD, USAF
WASHINGTON, DC 20330

COMMANDER

AF ELECTRONIC SYSTEMS DIVISION
ATTN YSEA

HANSCOM AFB, MA 01730

COMMANDER

AF WEAPONS LABORATORY

ATTN ELECTRONICS DIV (2 COPIES)
ATTN DYVM, C. ASHLEY

ATTN NSR, G. FIRSTENBERG

ATTN NXS, W. BRUMMER

ATTN C. BAUM

ATTN TECH LIBRARY

KIRTLAND AFB, NM 87117

AIR FORCE COMMUNICATIONS COMMAND
ATTN EPPD
SCOTT AFB, IL 62225

SYSTEM INTEGRATION OFFICE
ATTN SYE
PETERSON AFB, CO 80912

COMMANDER

OFFICE OF SCI RES, USAF
ATTN DIR ELECTR & MAT SCI
BLDG 410, BAFB
WASHINGTON, DC 20332

COMMANDER

ROME AIR DEVELOPMENT CENTER
ATTN DEP ELECTR TECH

ATTN TELECOM BR

GRIFFISS AFB, NY 13441

COMMANDER

STRATEGIC AIR COMMAND, USAF
ATTN DEL

ATTN XPFS, R. LEWIS

ATTN TECH LIBRARY

OFFUT AFB, NE 68113

L s ok s m e

l

o
RN

PSP STRRO LY

:'.”"

LTI TR TV

" I AR IOV

Py

L,




L 20 a4

a.

DISTRIBUTION (Cont'd)

SUPERINTENDENT

US AIR FORCE ACADEMY
ATTN TECH LIBRARY

USAF ACADEMY, CO 80840

AIR FORCE TECHNICAL APPLICATIONS
CENTER

ATTN TFS

PATRICK AFB, FL 32925

BALLISTIC MISSILE OFFICE, AFSC
ATTN ENSN
NORTON AFB, CA 92409

RELIABILITY ANALYSIS CENTER USAF
ATTN DATA COORD/GOVT PROG
GRIFFISS ABF, NY 13441

SAMSO, AFSC
ATTN MNNH
NORTON AFB, CA 92409

SAMSO, AFSC

ATTN SURV OFC

PO BOX 92960, WW POSTAL CTR
LOS ANGELES, CA 90009

IAWRENCE LIVERMORE NATIONAL
LABORATORY

ATTN L-156, H. CABAYAN

ATTN L-156, L. MARTIN

ATTN E. K. MILLER

ATTN TECH LIBRARY

PO BOX 5504

LIVERMORE, CA 94550

LOS ALAMOS NATIONAL LABORATORY
ATTN TECH LIBRARY

PO BOX 1663

LOS ALAMOS, NM 87545

NASA

AMES RESEARCH CENTER
ATTN TECH INFO DIV
MOFFETT FIELD, CA 94035

NASA

GODDARD SPACE FLIGHT CENTER
ATTN TECH INFO DIV
GREENBELT, MD 20771

NASA

JOHN F. KENNEDY SPACE CENTER
ATTN TECH LIBRARY

FL 32899

NASA

LANGLEY RESEARCH CENTER
ATTN TECH LIBRARY
HAMPTON, VA 23665

52

NATIONAL BUREAU OF STANDARDS
ATTN TECH LIBRARY
WASHINGTON, DC 20234

SANDIA NATIONAL LABORATORY

ATTN RAD EFFECTS (EMP) GROUP (2 COPIES)
ATTN TECH LIBRARY

PO BOX 5800

ALBUQUERQUE, NM 87185

SANDIA NATIONAL LABORATORY

ATTN D. GEHMLICH

PO BOX 969 N
LIVERMORE, CA 94550

AMERICAN TELEPHONE & TELEGRAPH CO
ATTN W. EDWARDS, J. MURRAY

ROOM 501L
1120 20TH STREET, NW
WASHINGTON, DC 20036

AEROSPACE CORPORATION
RADIATION EFFECTS (EMP)} GROUP
ATTN TECH LIBRARY

PO BOX 92957

LOS ANGELES, CA 90009

ANALYTICAL SYSTEMS ENGINEERING CORP
ATTN LIBRARY

OLD CONCORD ROAD

BURLINGTON, MA 01803

BELL TELEPHONE LABORATORIES
CRAWFORDS CORNER ROAD

ATTN E. GRIMMELMANN
HOLMDEL, NJ 07733

BELL TELEPHONE LABORATORIES
1600 OSGOOD STREET

ATTN R. STEVENSON, D. DURAND
N. ANDOVER, MA 01845

BDM CORPORATION
ATTN D. WUNSCH
1807 RANDOLPH ROAD, SE
ALBUQUERQUE, NM 87106

BDM CORP

ATTN S. CLARK

ATTN CORPORATE LIBRARY
7915 JONES BRANCH DRIVE
MCLEAN, VA 22102

BOEING AEROSPACE CORP
ATTN D. EGELKROUT, 2R=-00
ATTN TECH LIBRARY

PO BOX 3999

SEATTLE, WA 98124

BOEING MILITARY AIRPLANE COMPANY

ATTN A. L. WELLER, K75-50
3801 SOUTH OLIVER
WICHITA, KS 67210
w A\ - 4 - - -

‘'@

‘
—ak

RIS U

o

ar b et

I ORI §



B R o a Any g Sas Lo AN L oL Lo b oEn S o gm0 g

T

DISTRIBUTION (Cont'd)

BOOZ, ALLEN, & HAMILTON, INC
ATTN D. DURGIN

4330 EAST WEST HIGHWAY
BETHESDA, MD 20014

BOOZ, ALLEN, s HAMILTON, INC
ATTN D. PIERCE

2340 ALAMO AVE, SE
ALBUQUERQUE, NM 87106

CALSPAN CORP

ATTN RAD EFFECTS (EMP) GROUP
PO BOX 400

BUFFALO, NY 14225

COMPUTER SCIENCES CORP
ATTN RAD EFFECTS (EMP) GROUP
1400 SAN MATEO BLVD SE
ALBUQUERQUE, NM 87108

DIKEWOOD CORPORATION
ATTN TECH LIBRARY

1613 UNIVERSITY BLVD, NE
ALBUQUERQUE, NM 87102

DIKEWOOD CORPORATION

ATTN RAD EFFECTS (EMP) GROUP
2716 OCEAN PARK BLVD

SUITE 3000

SANTA MONICA, CA 90405

EFFECTS TECHNOLOGY, INC
ATTN TECH INFO DIV
5383 HOLLISTER AVE
SANTA BARBARA, CA 93111

EG&G

ATTN RAD EFFECTS (EMP) GROUP
2450 ALAMD AVE, SE
ALBUQUERQUE, NM 87106

ELECTRO-MAGNETIC APPLICATIONS, INC
ATTN RAD EFFECTS (EMP) GROUP

PO BOX 8482

ALBUQUERQUE, NM 87198

ELECTRO~-MAGNETIC APPLICATIONS, INC
ATTN RAD EFFECTS (EMP) GROUP

1978 S GARRISON ST

DENVER, CO 80226

ENGINEERING SOCIETIES LIBRARY
ATTN ACQUISITIONS DEPT

345 EAST 47TH STREET

NEW YORK, NY 10017

FORD AEROSPACE & COMMUNICATIONS CORP

ATTN RAD EFFECTS (EMP) GROUP
ATTN TECH LIBRARY

3939 FABIAN WAY

PALO ALTO, CA 94303

53

GENERAL DYNAMICS CORP

ATTN RAD EFFECTS (EMP) GROUP
ATTN TECH LIBRARY

PO BOX 81127

SAN DIEGO, CA 92138

PO BOX 81127
SAN DIEGO, CA 92138

GENERAL ELECTRIC CO

VALLEY FORGE SPACE CENTER
ATTN RAD EFFECTS (EMP) GROUP
ATTN TECH LIBRARY

PO BOX 8555

PHILADELPHIA, PA 19101

GENERAL ELECTRIC CO
TEMPO

ATTN DASIAC

2560 HUNTINGTON AVE
ALEXANDRIA, VA 22303

GENERAL RESEARCH CORP
ATTN TECH INFO OFFICE
PO BOX 6770

SANTA BARBARA, CA 93111

GTE SYLVANIA INC

ATTN RAD EFFECTS (EMP) GROUP
ATTN TECH LIBRARY

189 B STREET

NEEDHAM HEIGHTS, MA 02194

GRUMMAN AEROSPACE CORP
ATTN RAD EFFECTS (EMP GROUP
S OYSTER BAY ROAD

BETHPAGE, NY 11714

HARRIS CORPORATION

ATTN RAD EFFECTS (EMP) GROUP
ATTN TECH LIBRARY

PO BOX 37 (883)

MELBOURNE, FL 32901

HONEYWELL, INC

ATTN RAD EFFECTS (EMP) GROUP
ATTN TECH LIBRARY

2600 RIDGEWAY PARKWAY
MINNEAPOLIS, MN 55440

HUGHES AIRCRAFT CO

ATTN RAD EFFECTS (EMP) GROUP
ATTN TECH LIBRARY

PO BOX 902

EL SEGUNDO, CA 90245

IIT RESEARCH INSTITUTE
ATTN I. MINDEL (2 COPIES)
10 W 35 ST

CHICAGO, IL 60616

INTEL CORPORATION

ATTN R. N. NOYCE (M/S 1-156)
3065 BOWERS AVENUE

SANTA CLARA, CA 95051

'
'
VR SR

- -4




-
b .
2

DISTRIBUTION

ION PHYSICS CORP

ATTN RAD EFFECTS (EMP) GROUP
S BEDFORD ST

BURLINGTON, MA 01803

IRT CORPORATION

ATTN RAD EFFECTS (EMP) GROUP
ATTN TECH LIBRARY

PO BOX 81087

SAN DIEGO, CA 92138

ITT

ATTN RAD EFFECTS (EMP) GROUP
ATTN TECH LIBRARY

500 WASHINGTON AVE

NUTLEY, NJ 07110

JAYCOR

ATTN T. FLANAGAN (3 COPIES)
11011 TORREYANA ROAD

SAN DIEGO, CA 92138

LITTON SYSTEMS, INC
GUIDANCE & CONTROL SYS DIV
ATTN RAD EFFECTS (EMP) GROUP
5500 CANOGA AVE

WOODIAND HILLS, CA 91364

LOCKHEED MISSILES & SPACE CO, INC

ATTN RAL EFFECTS (EMP) GROUP (2 COPIES)
PO BOX 504

SUNNYVALE, CA 94086

MAGNAVOX GOVT & INDUS ELECTRONICS CO
ATTN RAD EFFECTS (EMP) GROUP

1313 PRODUCTION ROAD

FT WAYNE, IN 46808

MARTIN MARIETTA CORP

ATTN RAD EFFECTS (EMP) GROUP
PO BOX 5837

ORIANDO, FL 32855

MARTIN MARIETTA CORP

ATTN RAD EFFECTS (EMP) GROUP
PO BOX 179

DENVER, CO 80201

MCDONNELL DOUGLAS CORP

ATTN RAD EFFECTS (EMP) GROUP
5301 BOLSA AVE

HUNTINGTON BEACH, CA 92647

MCDONNELL DOUGLAS CORP

ATTN RAD EFFECTS (EMP) GROUP
3855 LAKEWOOD BLVD

LONG BEACH, CA 90846

MISSION RESEARCH CORP
ATTN RAD EFFECTS (EMP) GROUP
1400 SAN MATEO BLVD, SE
ALBUQUERQUE, NM 87108

54

(Cont'd)

MISSION RESEARCH CORP

ATTN RAD EFFECTS (EMP) GROUP
PO DRAWER 719

SANTA BARBARA, CA 93102

MISSION RESEARCH CORP

ATTN RAD EFFECTS (EMP) GROUP
PO BOX 7816

COLORADO SPRINGS, CO 80933

MITRE CORP

ATTN RAD EFFECTS (EMP) GROUP
PO BOX 208

BEDFORD, MA 01730

NATIONAL SEMICONDUCTOR CORP
ATTN TECH LIBRARY

2900 SEMICONDUCTOR DRIVE
SANTA CLARA, CA 95051

NORTHROP CORP

ATTN RAD EFFECTS (EMP) GROUP
2301 W 120TH ST

HAWTHORNE, CA 90250

PACIFIC~-SIERRA RESEARCH CORP
ATTN RAD EFFECTS (EMP) GROUP
1456 CLOVERFIELD BLVD

SANTA MONICA, CA 90404

PALMER~-SMITH CORP

ATTN RAD EFFECTS (EMP) GROUP
418 PACIFIC AVE

PIEDMONT, CA 94611

R&D ASSOCIATES

ATTN W. KARZAS

ATTN RAD EFFECTS (EMP) GROUP
PO BOX 9695

MARINA DEL REY, CA 90291

RAYTHEON COMPANY

MISSILE SYSTEMS DIV

ATTN RAD EFFECTS (EMP) GROUP
HARTWELL ROAD

BEDFORD, MA 01730

ROCKWELI, INTERNATIONAL CORP
ATTN G. MORGAN (2 COPIES)
PO BOX 3105

ANAHEIM, CA 92803

S-CUBED

ATTN RAD EFFECTS (EMP) GROUP
PO BOX 1620

LA JOLLA, CA 92038

SCIENCE APPLICATIONS, INC
ATTN RAD EFFECTS (EMP) GROUP
PO BOX 1303

MCLEAN, VA 22102

N I S S

St




ey

e

R TR TN W TN I
Nt e T TR T T e L .

SCIENCE APPLICATIONS, INC
ATTN RAD EFFECTS (EMP) GROUP
2109 W CLINTON AVE, S 800
HUNTSVILLE, AL 35805

SPERRY RAND CORP

ATTN RAD EFFECTS (EMP) GROUP
PO BOX 4648

CLEARWATER, FL 33518

SPERRY RAND CORP

ATTN RAD EFFECTS (EMP) GROUP
PO BOX 21111

PHOENIX, AZ 85036

SRI INTERNATIONAL
ATTN A. WHITSON

333 RAVENSWOOD AVE
MENLO PARK, CA 94025

SYLVANIA SYSTEMS GROUP

ATTN RAD EFFECTS (EMP) GROUP
77 "A" STREET

NEEDHAM, MA 02194

TELEDYNE BROWN ENGINEERING
ATTN RAD EFFECTS (EMP) GROUP
ATTN DR. MELVIN L. PRICE, MS-44
CUMMINGS RESEARCH PARK
HUNTSVILLE, AL 35807

TRW

ATTN RAD EFFECTS (EMP) GROUP
PO BOX 1310

SAN BERNARDINO, CA 92402

TRW

ATTN J. PENAR

ATTN RAD EFFECTS (EMP) GROUP
ATTN E. HORGAN, RI 2136

1 SPACE PARK

REDONDO BEACH, CA 90278

WESTINGHOUSE ELECTRIC CORP
DEFENSE & ELECTRONIC SYS CTR
ATTN RAD EFFECTS (EMP) GROUP
PO BUX 1693

BALT-WASH INTL AIRPORT
BALTIMORE, MD 21203

AUBURN UNIVEKSITY
PHYSI'S DEPT

ATTN P. BUDENSTEIN
AUBURN, AL 35830

DISTRIBUTION
55
- -

(Cont'ad)

CALIFORNIA INST OF TECHNOLOGY
JET PROPULSION LABORATORY
ATTN TECH LIBRARY

4800 OAK GROVE DRIVE
PASADENA, CA 91103

CLARKSON COLLEGE OF TECHNOLOGY
ATTN H. DOMINGOS
POTSDAM, NY 13676

PURDUE UNIVERSITY
ATTN G. NEUDECK
WEST LAFAYETTE, IN 47907

US ARMY ELECTRONICS RESEARCH &
DEVELOPMENT COMMAND
ATTN TECH DIR, DRDEL-CT

HARRY DIAMOND LABORATORIES

ATTN CO/TD/TSO/DIVISION DIRECTORS
ATTN RECORD COPY, 81200

ATTN HDL LIBRARY, 81100 (3 COPIES)
ATTN HDL LIBRARY, 81100 (WOODBRIDGE)
ATTN TECHNICAL REPORTS BRANCH, 81300
ATTN LEGAL OFFICE, 97000

ATTN CHAIRMAN, EDITORIAL COMMITTEE
ATTN R. MORRISON, 13500 (GIDEP)
ATTN CHIEF, 00210

ATTN CHIEF, 11000

ATTN CHIEF, 13000

ATTN CHIEF, 15000

ATTN CHIEF, 20240

ATTN J. CORRIGAN, 20240

ATTN CHIEF, 21000

ATTN CHIEF, 21100

ATTN J. GAUL, 21100

ATTN A. WARD, 21100

ATTN CHIEF, 21200

ATTN CHIEF, 21300

ATTN K. LEPOER, 21300

ATTN D. SHARF, 21300

ATTN J. SWETON, 21300

ATTN CHIEF, 21400

ATTN J. BEILFUSS, 21400

ATTN J. KRECK, 21400

ATTN T. LAMBERTH, 21400

ATTN A. WILLIAMS, 21400

ATTN CHIEF, 21500

ATTN W. SCOTT, 21500

ATTN CHIEF, 22000

ATTN CHIEF, 22100

ATTN CHIEF, 22300

ATTN CHIEF, 22800

ATTN CHIEF, 22900

ATTN H. EISEN, 22800
ATTN B. KALAB, 21400 (15 COPIES)

'®
—







